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Economics and epidemics: modeling the effects of HIV, fertility 
transition and economic development in Sub-Saharan Africa 
 
 
1. Introduction. 
 
1.1. HIV, fertility and development in SSA: two dramatically distant scenarios 
According to the conventional theory of the demographic transition [Bulatao and 
Casterline 2001], mortality decline is the major trigger of fertility decline and eventually 
of economic development. In Sub-Saharan Africa (SSA) the HIV/AIDS epidemic has 
already had a devastating impact on mortality [UNAIDS], by stopping and in some high 
prevalence settings even reversing, the long term positive trend in life expectancy 
[UNAIDS]. However, on trust that the epidemics will eventually be brought under 
control, a major conundrum for studies on economic development is about the ultimate 
impact that the HIV/AIDS epidemics will have on SSA fertility. Responses provided by 
current economic research occupy a wide range between two dramatically opposite 
boundaries.  
On one extreme Young (2005, 2007), based on a model à la Becker (where individuals 
have to trade-off between quantity and quality of children) with fixed saving rate as in 
Solow (1956), reaches the provocative conclusion that AIDS, although currently a 
tragedy, may allow future generations to enjoy higher welfare than current ones, with an 
increasing amount of resources to take care of the infirm. According to his analyses HIV 
is lowering SSA fertility (in his 2007 paper he indeed argues  that most fertility decline 
observed in SSA might be HIV-related), partly due to a variety of behavioral factors and 
partly due to the increased female labour market participation caused by the declined 
labour supply. This HIV-induced fertility decline will increase capital- and output-labour 
ratios to levels that will largely dominate the major negative hypothesized effect of the 
epidemics, namely the destruction of human capital, thereby ultimately enhancing 
economic development.   
On the other extreme Kalemli-Ozcan (2012) indicate that in specific SSA settings 
HIV/AIDS has affected fertility rates positively and school enrollment rates negatively, 
suggesting that the sudden upturn in mortality rates due to AIDS is pushing upward the 
precautionary demand (i.e. the so called preference for “quantity”) of children, and 
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downward the demand for their education. In a more recent paper coauthored with Juhn 
and Turan (2013), based on update  DHS data including HIV testing as well, she 
documents that while seropositive (i.e. HIV+) women have significantly lower fertility 
(due to a variety of physiological and  behavioural reasons) compared to HIV-, the fertility 
of non-infected women, which remain the majority of the fertile female population even 
under the most pessimistic HIV scenarios, at least does not show any significant 
responsiveness to HIV prevalence and mortality measured at the local community level.  
According to these studies we can therefore bound actual HIV trajectories in SSA 
between two polar scenarios: A) a most pessimistic scenario (“worst case”), where 
besides the AIDS tragedy per se, the ultimate legacy of the epidemics will be a halted, or 
even reversed fertility transition. In this scenario a largely unpredictable number of 
decades of SSA current history would just be wasted for fertility decline and 
development. Borrowing from Kalemli Ozcan (2012) we term this scenario the “reversal 
of the demographic transition”. B) A most optimistic scenario where, when the tragedy 
of HIV will come to its end, it will leave a positive legacy of low fertility and high output-
labour ratios that would promote a durable epoch of development. Following Young 
words (2005, p. 460) “The AIDS epidemic is a humanitarian disaster of millennial 
proportions, one that cries for assistance. It is not, however, an economic disaster.” 
Borrowing our words from the history of plague in Europe, according to which the 
mortality upsurge due to the plague was typically leaving a legacy of better opportunities 
to survivors [Livi Bacci 2003], we call the Young scenario the “World of opportunity 
after the modern plague” scenario. 
 
1.2 Objective of the thesis  
Given the potentially worrying implications that the dramatic distance between scenarios 
A) and B) might have for actual economic policies in SSA, in regards of both national 
policies and interventions of international institutions, a global re-evaluation seems 
necessary. 
The main objective of this work is to provide a general, model-based, reassessment of the 
issue of the ultimate impact of HIV on fertility and economic development in SSA that 
might assist the design of future economic intervention programs. Consequently, our 
main aim will be to develop a flexible unified modeling framework capable to account 
for the interplay between demo-economic variables on the one hand, and the transmission 
dynamics of a highly fatal disease as HIV/AIDS on the other hand, while at the same time 
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capturing the most relevant features of the social and economic context of HIV in Sub-
Saharan Africa. 
Consistently, we will develop an OLG model for the dynamic interplay between the 
transmission dynamics of HIV/AIDS, child and adult mortality, fertility decisions, and 
their ultimate feedbacks on economic development in Sub-Saharan Africa. The dynamic 
framework will combine: (a) an explicit representation of the mechanism of HIV 
transmission and disease (as done e.g. in Chakraborty 2010, 2014), as a way to get 
meaningful quantitative responses on relevant dynamic issues, such as the time scales of 
the interplay between the disease, fertility and the economy; (b) a representation of the 
stages of economic development as summarized in the Unified Growth Theory (Galor 
2011), in order to have a framework focusing on the key issue, namely the interplay 
between the fertility transition and economic development in SSA. However, compared 
to the basic Galor’s framework, which included child mortality only, we will consider 
both endogenous child and adult mortality. This multiple endogeneity is necessary to 
account for the specific effects of AIDS mortality, which frightens both very young 
individuals, through vertical transmission of infection from mothers to children, and 
active adult individuals of any age, through mainly heterosexual transmission. In 
particular, though the increase in child mortality due to AIDS is an important ingredient, 
the far more important factor is the upsurge in young adult mortality which prevents the 
supply of resources for child education, which in turn kills the growing process of human 
capital formation. 
The final structure of the model describes the joint evolution of human capital through 
education and of HIV infection, which in turn affect child and adult mortality and fertility 
decisions. 
 
1.3 Expected results.  
The macroeconomic model should extend, even in absence of explicit HIV modeling, 
Galor’s unified theory in predicting the onset of the switch quantity-quality of children as 
a response to declining mortality. Once HIV is explicitly included, the model aims to 
explain how the interplay between HIV prevalence and mortality, and economic 
variables, primarily fertility decisions, might determine the thresholds which will promote 
either a fertility transition, and therefore a demographic transition, or the reversal into a 
Malthusian trap, as suggested in Kalemli Ozcan  (2012, 2013). We are particularly 
interested in distinguishing those regimes where the fertility decline would eventually 
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promote the escape from the poverty trap at low HIV prevalence, from those where 
development opportunities are eventually frustrated when HIV prevalence goes beyond 
given thresholds, thereby promoting a fertility relapse, due to the persistent increased 
mortality. 
 
1.4 Structure of the thesis.  
This thesis is organized as follows. Chapter two is devoted to the issue of the fertility 
transition worldwide, the specificities of SSA, and the possible effects of HIV. Chapter 
three contains a review on the macroeconomic-dynamic modeling literature on the 
interplay between infectious diseases, particularly HIV, and economic development, with 
special focus on the impact of HIV on SSA fertility. Chapter four deals with the 
macroeconomic model and its analysis by means of simulations. Chapter five concludes. 
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2. The Global Fertility transition and economic development: the case of SSA and 
the conundrum of HIV. 
Economic explanations of what Gary Becker has called the primacy of modern Western 
economies are deeply rooted in their demographic engines, primarily in the mortality 
decline., In Europe mortality initiated its decline by 1750-1800 giving rise to the first 
phase of the demographic transition (Livi Bacci  2003). In particular mortality decline is 
the main ultimate determinant of fertility decline, the second main demographic engine 
of economic development. Though different disciplines, namely economics and 
demography, have provided somewhat different explanations of the causation channels 
between mortality decline and fertility decline, the two disciplines broadly agree on the 
fact that failure to achieve fertility decline will also bring failure in achieving 
development targets. This straightforwardly yields to the issue of Sub-Saharan Africa and 
HIV. As we will detail later on, compared to other regions of the world, namely Latin 
America and Asia, that have shared with SSA the conditions and the date of onset of the 
fertility transition, SSA has followed its own particular path of fertility decline which is 
markedly delayed and slower compared to the other word regions. This “delayed and 
slower” path has been dramatically aggravated, since 1980, by the explosion of the AIDS 
epidemics.  
 
2.1. From the Western to the Global fertility transition: main explanations. 
Why paying so much attention to the interplay between fertility and the HIV epidemics? 
The reason shall be found in the crucial role that fertility and mortality played in the 
demographic transition, i.e. the epochal process “… by which fertility and mortality fell 
from the high levels characteristic of pre-industrial societies to the low levels 
characteristic of modern industrial societies” according to the definition given by Paul 
Demeny, the chief of the Office of Population Research of Princeton University in 1972. 
The demographic transition (DT) signs the breakdown of the Malthusian regime, the 
demographic system which characterized the whole story of human populations from 
Neolithic era to the XVIII century and is still characterizing the most underdeveloped 
areas of the planet, and the transition to a modern demographic system. 
The DT represents an important stylized fact observed in all industrialized countries and 
it is temporally overlapped with the industrial revolution and the subsequent epoch of 
sustained economic growth. 
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In Europe (Livi Bacci 2002, 2003) the demographic transition occurred in two well 
defined phases. The first phase, often called the mortality transition, was characterized 
by the breakdown of the Malthusian equilibrium due to the sudden (compared to the long 
time scales of Malthusian equilibrium) increase of life expectancy, mainly caused by the 
dramatic decline of infant mortality.  The mortality decline is mostly regarded as the 
consequence of the epochal process (termed the epidemiological transition) of pandemic 
recession by which infectious causes of mortality were gradually replaced by chronic ones 
(Omran 1972).  
In a second phase, with an average delay of about 50-100 years with respect to mortality, 
also fertility started to decline so that in the epoch prior the WWI the equilibrium between 
these two demographic variables was considered to be restored [Notestein 1945]. 
Remarkably, the initial demographic response to mortality decline was a temporary 
increase in fertility. In this phase agents responded to the increased labour productivity 
due to the technological progress according to the Malthusian mechanism that was 
characteristic of the Ancien Régime. In fact the higher wage represented a higher 
opportunity cost for children care and the period of breastfeeding was reduced and 
consequently also that one of amenorrhea following a new birth. However, at least in 
Europe, this lasted only a few decades and was eventually terminated by the initiation of 
the fertility transition. 
There is a range of different explanations of the fertility transition (Bulatao and Casterline 
2001).  The demographic viewpoint mainly focus on the homeostatic response underlying 
the long-term equilibrium relationship between mortality and fertility. In this perspective 
the fertility transition is a sort of “obligate” response in reaction to the disequilibrium 
situation that followed the decline of mortality. In simple words why in a pre-transitional 
context it was necessary for a woman to have 6-8 children in order that at least two survive 
to adult ages and therefore provide support for family economic reproduction and parents’ 
old age (Livi Bacci 2003).  
Unlike the demographic perspective, the economic viewpoint focuses attention on the 
increase in the cost of children due to the higher opportunity cost for childcare represented 
by women’s wages and limitations in social activities and consumption of parents, and to 
the reduction in children’s contribution to the family income, because of the 
socioeconomic changes caused by the development, such as urbanization. 
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The latter generates a transformation in the family structure, which becomes smaller in 
size and therefore give to woman a more important role inside of it and also as regards 
fertility choices. 
Such economic causes to the demographic transition find an empirical validation in C. 
Hirschman e Y. Young. 
Anyway the whole system of factors which contributed to the révolution démographique 
comprehends also cultural changes sign the end of support and celebration of the large 
family and also the relaxation of the strict observance of religious rules. This boosts a 
wider access to methods of contraception and better quality of these, which allow more 
easily to control fertility. Moreover also diffusion phenomenon, even if it is not a distinct 
cause, promotes the spreading of ideas and practices inducing a decline in fertility 
according to a process of “imitation”. 
In any case the critical role of fertility decline in the context of economic development, 
as observed in Montgomery et al. (2002), it is not limited to the demographic transition, 
but extends to the quantity-quality transition according with the Beckerian thought. 
In particular Galor and Weil (2000) and Galor and Moav (2002) and Galor (2011) provide 
a robust economic foundation of the DT. The latter took place precisely during the process 
of industrialization, capital accumulation and technological progress. Despite in the first 
phase of industrialization the Malthusian forces linking higher income to higher 
population growth continued to work, the other mentioned phenomena were so strong to 
offset the diluting effect of population growth. In this period the technological progress 
sustained a considerable rise in both the growth rates of income per capita and population. 
The decisive breakdown with the Malthusian regime occurred with the emergence of a 
further force during the second phase of industrialization: the accumulation of human 
capital. In fact in this phase production processes are deeply transformed and human 
capital become a relevant productive factor. The rise in industrial demand of human 
capital induced households to increase the investment in education of children and 
triggered the quantity-quality switch. Declining fertility and population rate of growth 
and increasing investment in education activated a positive feedback which definitely 
broke Malthusian forces and allowed sustained economic growth. 
Clearly fertility rates represent a main engine in the delicate mechanisms of such 
phenomenon and we may appreciate its crucial role indeed in the interaction between 
demographic transition and economic development. In fact the quantity-quality transition 
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consists in the passage from having a large number of children whose education 
investments are very scarce to fewer more educated children. 
Economic implications of the phenomenon are critically important because explain the 
human capital increase during the period of development and the related rise in labour 
productivity and adoption of new technologies of production. It is important focus our 
attention on the increase in the supply of skilled workers, in fact it should lead to a 
decrease in the remuneration of the productive factor, however in the context of 
development we have both the fast accumulation of the complementary input physical 
capital, thanks to the higher savings rate, and the strong synergy between high educated 
workers and the technology progress, for example in research and development, which 
lead to a growth of the demand side of this factor. 
 
2.2. Fertility transition in SSA: which interplay with the HIV/AIDS epidemics? 
As recently noted the ongoing fertility transition in SSA is markedly different from 
fertility transitions occurring in those other  regions of the World, namely Asia and Latin 
America, that have in common with SSA the date of onset of fertility decline, i.e. about 
1960 (Bongaarts and Casterline 2012). Differences in both the timing and pace of fertility 
decline between these regions are illustrated in Fig. 1.  
This has led demographers to conjecture that SSA fertility transition might itself be 
“different” (Caldwell et al 1992, Bongaarts and Casterline 2012). 
 
Fig. 1. (Source: United Nations 2010, reprinted in Bongaarts and Casterline 2012) 
 
According to the previous argument the major threat by the epidemic is the possibility of 
a breakdown - just delay or reversal? - of the process of demographic transition. In the 
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worst case this might lead the system back to the pre-transitional situation, in particular a 
risk of reverse in the quantity-quality transition due to a negative interplay between 
fertility rate, education investments and income with the new variable, which generates a 
negative feedback moving towards a poverty trap. In according with the scenario 
suggested by S. Kalemli Ozcan (2013). 
Although another possibility is given by a positive interaction of the epidemics with the 
process of demographic transition, with the consequence of generating a positive 
feedback enhancing economic development. This would agree with the scenario “World 
of opportunity after the modern plague” proposed by Young (2005, 2007). 
The issue is critical as some of the Sub-Saharan countries that are the object of this study 
were just initiating their fertility transition at the date of onset of the HIV/AIDS 
epidemics. Therefore we should consider the main features of such disease in order to 
have insight of the fertility response to the spread of the infection which plays a key role 
in eventually determining the perturbed dynamic of the quantity-quality transition. This 
understanding is necessary to consciously achieve an answer to the question which 
originated this work. 
We should consider the main characteristics of HIV/AIDS epidemics in absence of 
treatment. Unlike other geographic areas, where transmission comes from a range of 
different sources (such as transfusion of contaminated blood, IVU, and homosexual 
activity) the huge SSA epidemics is mainly due to heterosexual transmission and to a 
secondary extent, vertical transmission from infected mothers. As such HIV primarily 
hits young adults, i.e the more economically active cohorts of the population. Notably, as 
well documented from the empirical standpoint, it also happens that the most hit groups 
are also the more educated ones. Furthermore HIV/AIDS is a highly fatal disease, so even 
if after the infection an individual has still 9 years of expected lifetime on average, given 
the high fertility and the high probability of vertical transmission, it creates a large number 
of orphans whose human development is compromised. 
In addition, infection with HIV also increases morbidity, and co-morbidity, allowing for 
opportunistic diseases to affect the individual. Last, the high rates of vertical transmission, 
and the ensuing fast mortality of children who have been vertically transmitted, not only 
implies AIDS have a peculiar effect on child mortality, . 
Henceforth we are interested in looking how the epidemics affects the demographic 
variables which governs the demographic transition as fertility and adult and child 
mortality, and in which way a perturbed dynamic of them reflects on the economic side 
18 
 
of the transition, in particular on the key engine: the quantity-quality transition. It is 
likewise important considering the impact of the epidemics directly on the economic 
system via other channels (e.g. reduced productivity), in fact also in this way the 
demographic transition is perturbed and the ultimate effect on the process of development 
will depend on the dynamic interactions between all this perturbations. We will deeply 
analyze all the channels in next chapter. 
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3. HIV/AIDS in Sub-Saharan Africa: how will the epidemics ultimately affect 
fertility and perspectives on development? A survey of the economic theory 
literature. 
 
3.1. Introduction. 
In recent years, various authors approached the problem of the possible effects which 
HIV epidemic may have on the macroeconomic growth of Sub-Saharan Africa. 
Despite the results of most of the works, which conclude for a negative effect of the 
epidemic on the growth, some others show that the epidemic can affect differently and 
positively the economic development. 
Hence at today we have no a clear answer to our question. This could be discouraging, 
but as we will see in this chapter it is the consequence of incomplete attempts to approach 
a very hard dynamic problem, which needs a comprehensive consideration of the features 
the infection. 
There are a few other surveys on the evaluation of the economic impact of HIV. A 
classification based on the methodological approach was performed in Roos (2013), who 
distinguishes among five main approaches: (i) econometric studies useful for cross-
country comparisons, (ii) country-specific macro-econometric models, (iii) aggregate 
growth models, essentially à la Solow, focusing on impact on employment via its effect 
on the active population, and population growth, (iv) country-specific CGE models, (v) 
“other” methods for the impact of HIV/AIDS on an economy, including overlapping-
generations models, demographic models and sector-specific analysis. 
 
3.2 The complex interplay between HIV/AIDS and the economy in SSA: the issue of 
the influence “channels” 
The first step for a correct approach to this involved issue is indeed a global understanding 
of the main channels through which HIV/AIDS affects the economy in poor-resource 
settings as is the case for SSA. 
As a sexually transmitted infection HIV primarily hits adult active population, in their 
twofold role of workers and parents. 
Since this lethal infection deteriorates the immune system for some years before leading 
the individual to death, two main consequences are: 
 An early mortality, which implies lower disposable income for two reasons: lower 
wages due to the increase in the cost of employment caused by the higher turnover 
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of workers (higher training costs are an example); the household might lose the 
individual whose wage represents the main share of household’s income. 
This reflects in less support to children rearing and education or in worst cases in 
the diffusion of the high social costly phenomenon of orphanhood. In fact the 
latter has a dramatic negative impact on children’s human development. 
Hence because of the reduction in the resources available for children’s education 
and the creation of large number of orphans early mortality has a negative effect 
on the accumulation of human capital. However investment in education are 
discouraged owing to the higher risk of this investment also. In fact the death of 
an individual in his early adulthood implies the loss of the investment in education 
before receiving the most part of the income flow, which the investment would 
have generated. 
 A higher morbidity, which means a reduced productivity of workers and a larger 
health care expenditure for both firms and households. Therefore the cost of 
employment rises and likewise to previous description the income available to the 
household reduces implying similar consequences, except for what concern 
orphanhood. 
A dramatic burden in SSA has also been caused by vertically transmitted infection from 
mothers to newborn.  
The increased mortality will, ceteris paribus, reduce the population growth rate with the 
effect of increasing the growth rate of physical capital per worker. 
But the growth rate of physical capital per worker is influenced also by the amount of 
savings. Consequently the increase in private health expenditure which reduces families’ 
disposable income, the decline in productivity and income of infected workers and the 
direct reduction of savings by people who discover to have a short further lifespan have 
negative effects on aggregate savings and reduce the rate of capital accumulation. Another 
negative effect is due to the fact that the epidemics hits mainly adult active population 
and increases the dependency ratio, furthermore firms might be forced to employ too 
young or too old workers which generally have a lower productivity. 
In public sector we observe higher cost of employment and lowered productivity as in the 
private one. Moreover the epidemic largely increases the demand of public health services 
and the need of resources in this sector. This causes problems for the balance of public 
entrances and expenditures, changes in the displacement of public resources and cuts in 
the expenditure in other sectors, as for example public investment. 
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The likely accumulation of public debt and lack of public investments have relevant 
consequences on economic growth for a very long period. 
The possible impact of HIV on fertility has a crucial relevance. 
According to Young (2005, 2007), HIV generates a response in individual’s choices 
which influences negatively fertility and reduces both the growth rates of population and 
of future workers’ population so much to enhance sufficiently the rate of growth of capital 
per worker and offset the negative influence played by the reduction in aggregate savings. 
This effect is believed to be strong enough to offset also the other mentioned negative 
effects on income and provide an increase in per capita income, which leads again to 
lower fertility and higher level of income activating a positive feedback which sustains 
the demographic transition and the economic growth. 
However HIV, other to reduce the possibility of Aids infected women to give a life birth 
for biological reasons, affects fertility behaviors of the rest of the population (which has 
much more weight) through the channel of the increase in mortality and the one of the 
fall in human capital accumulation. In both cases HIV influences positively fertility. 
So intuitively Aids should induce fertility choices that prefer quantity with respect to 
quality of children. This has surely negative effects on the economic growth, but it may 
have particularly strong negative effects if the epidemics evolves in the demo-economic 
context characterized by the process of demographic transition. In fact, as suggested by 
Kalemli-Ozcan (2012), in this case HIV could cause the reversion of the transition process 
and leads the economic system back in a poverty trap. 
Hence it is clear that the net effect of HIV on fertility is decisive to fully understand how 
the epidemic affects the dynamic of population, physical and human capital. But it is 
necessary to know the entity of this impact on fertility to conclude about the final effect 
on economic growth. In fact only if HIV had a strongly negative effect on fertility, it 
could impact so positively the rate of growth of physical capital to offset all the other 
negative effects of the epidemics. 
At this point the recent dispute among some authors about this issue, with particular 
allusion to Young and Kalemli-Ozcan, may be appreciated in all its relevance. 
In next section we will examine the most cited works that deal with the problem or attempt 
to consider some of the described channels, through HIV influences the economy which. 
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3.3 The macroeconomic literature on the impact of HIV/AIDS on fertility and 
development in SSA.  
 
Tab. 1. aims to summarize in a synoptic form the contributions considered in this survey, 
using the following set of criteria: (i) the key questions raised (column 2), (ii) the type of 
modeling framework adopted e.g. theoretical (OLG, neoclassical (Solow), etc), 
econometric, etc (column 3), (iii) the way HIV is modelled (e.g. explicit or implicit, e.g. 
through its influence on  mortality) (column 4), (iv) the role of fertility (column 5), (v) 
the main causations channels included in the model (column 6), (vi) the type of analysis 
(e.g. theoretical or empirical) (column 7), the main results and messages (column 8). 
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We are going to describe the main cited papers which deal with the problem we discuss 
in this work. Our focus will be on the approach adopted and the main channels by means 
of which HIV/AIDS epidemics impact the demo-economic system that the authors 
decided to consider in their analysis. 
First of all it is significant seeing how the approach to the problem has changed in recent 
years. In fact up to the first years of 2000 some authors tried to study the impact of the 
aids epidemic on economic growth and GDP level by means of Solow model instrument, 
hence considering only the production side of the economic system and omitting possible 
relevant response in the behavior of individuals. 
Such approach find its roots in 90’s in particular in the work of Cuddington and Hankock 
(1994). The general outlines consist in using a Solow model of the economy, usually an 
augmented one that may contain human capital and health capital. Then by solving it you 
find the steady state level of equilibrium as function of the parameters of the model. Here 
Aids is assumed to be an exogenous variable having negative impact on human or health 
capital (or both) and thus causing negative effects on the steady state level of income per 
worker. We often have an empirical part in the papers which supports these theoretical 
intuitions.  
 
3.3.1 Solow-type approaches 
In his work Haacker (2002) first of all comments the effect of Aids epidemic on the 
demographic dynamic. He shows that the rise in mortality concentrates among young 
adults. [Figure 3] 
In short and medium run this implies an increase in dependency ratios, while in the long 
run it will rebound to some extent because of the decrease in fertility induced by Aids. 
The latter is a strong assumption the author does not try to prove, one of the main aim of 
our work is indeed to deal deeper with this issue. 
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Next HIV/AIDS impact on the public sector is analyzed. 
We observe increasing costs in health and social care sectors due both to the growing 
demand of medical services and the increase in death benefits and pension expenditures 
for the surviving dependents induced by the epidemics. Moreover to meet the larger 
demand of health services a larger number of personnel is necessary, although the cost of 
employee increase because HIV lowers productivity and rises mortality. 
The latter consequence implies the need to increase even more than proportionally the 
number of workers trained because of the waste of human capital caused by higher 
mortality. 
In the education sector again you should consider the waste of training investment in 
workers due to the higher risk of mortality when aiming to attain a target number of new 
teachers. So choosing teacher pupils ratio as measure of quality of education, in order to 
maintain this ratio at the current level, the number of trained workers must increase. The 
reduction in the required amount of teachers implied by the projected decline in the 
number of pupils caused by lowered fertility is not so ample to offset the previous effect. 
This will deteriorate public balance. 
The author studies the effects on the private sector showing that the epidemics reduces 
the average age of workforce and thus its experience. This drops workers’ productivity 
also for private companies moreover the increase in morbidity together with higher cost 
for pensions and medical care cause employment cost to rise. 
 Fig 3. 
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With these intermediate results the issue of the epidemic impact on economic growth is 
approached. The negative effect of HIV on education is clear, in fact the higher risk of 
mortality and hence the wastes of investment in education reduces indeed returns on 
investments in education. The effect on physical capital per worker is ambiguous: savings 
will reduce due to households’ higher costs for health care and because infected people 
do not need to save, however the growth rate of workforce is lowered by the epidemic 
(for the assumption on the effect on fertility). 
Afterwards a neoclassical growth framework is introduced in order to evaluate HIV 
impact on GDP level. It consists in an augmented Solow model with physical capital and 
labour which incorporates two kinds of human capitals: experience and education. 
𝑌 = 𝐴0𝐾
𝛼𝑍1−𝛼  with   𝑍 =  ∑ [𝐿𝑖𝐵𝑖𝑓(𝐸𝑖)]
𝑛
𝑖=1  
Where 𝐴0 is total factor productivity, K is physical capital and Z is the effective labour 
supply, which is composed by the sum (for each skill or education category i) of the 
number of agents (L) multiplied by a productivity parameter B and a function of the 
average level of experience E. 
Then the model is solved and the author analyses the impact of Aids on the key variables 
human and physical capital. 
In the former only experience is considered and it declines due to the reduction in the 
average age of workforce induced by the epidemic. 
Concerning the latter we end up with two different results depending on the type of 
economy (open or closed): 
 In a closed economy the reduction in savings rates is offset by the decline in 
workforce growth rate, hence physical capital per worker increases and also GDP 
per capita. 
 In case of open economy the decline in productivity and experience increase 
employment costs and affect negatively the rate of return of capital, therefore we 
will observe a reduction in investment rates which stops only when capital per 
worker reduced at the level which allow to bring the rate of return of capital again 
at the world’s level. So GDP per capita will surely reduce because the variation 
of capital per worker is unambiguously negative. 
Mc Donald and Roberts (2006) try to evaluate the impact of HIV on economy 
concentrating mainly on the effects which pass through the channel of human capital. 
They use a neoclassical growth framework and choose as instrument an augmented Solow 
model which incorporated physical, human and health capital beside labour. 
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 𝑌𝑖𝑡 = [𝐴𝑖𝑡𝐿𝑖𝑡]
1−𝛼−𝛽−𝜑𝐾𝑖𝑡
𝛼𝐸𝑖𝑡
𝛽
𝐻𝑖𝑡
𝜑
 
Where A is technology, L is labour, K, E and H are respectively physical, education and 
health capital. The subscripts i and t denotes respectively country and time. 
The model is solved assuming the same rate of depreciation of all kind of capitals. The 
steady state level of per capita income is function of the rate of investment in the different 
kind of capitals beside population growth rate, technological growth rate and depreciation 
rate. After some algebraic manipulations it is possible to find the level of per capital 
income as function of the health capital per worker. This allows an easier study of the 
role of HIV. 
Then the authors assume, health capital per worker is determined by the following 
equation: 
ln(ℎ𝑖𝑡) = ln(ℎ𝑖𝑡−1) + 𝜌𝑃 + 𝜉𝑡 + 𝜔𝑖 + 𝑣𝑖𝑡
2  
Where ℎ𝑖𝑡 is health capital per worker indexed according to the period and the country, 
𝜉𝑡 is a time effect, 𝜔𝑖 a country specific fixed effect, 𝑣𝑖𝑡
2  a standard error term and P a 
vector of exogenous variables: lagged per capita income, education level, nutritional 
status and the prevalence of HIV. 
At this step you could expect to see a regression with the aim to find the sign of the 
coefficient of HIV when dependent variable is health capital. However due to the 
difficulties in finding suitable measures for such variable, the authors use infant mortality 
as a proxy of health capital. They use values of infant mortality predicted by means of an 
econometric model adopted ad hoc. 
The final results show that in case HIV prevalence is not negligible its coefficient is 
negative in a regression where income per capita is the dependent variable, exactly as 
expected. In fact HIV has a negative impact on the level of health capital per worker, 
which is a productive factor and consequently also the steady state level of income must 
be negative affected. 
The limits of this approach are unfortunately very relevant. We do not have the agent side 
of the economy in the model and this does not permit to study, by means of theoretical 
instruments, the mechanism of disease transmission since it depends on the behavior of 
agents. Furthermore we lose individual or household’s choices regarding education 
investment for children, which have so important effects on human capital accumulation 
and economic growth. 
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It is impossible also studying the net impact on fertility that is the issue we are most 
interested in. In fact we do not have any kind of modeling of the behavior of agents to try 
to investigate how fertility choices are affected by HIV both directly and indirectly 
through the influence on related economic variables like education and income levels. 
Hence authors are forced to perform empirical analysis in order to investigate the sign 
and entity of HIV effect on relevant variables because of the absence of a theoretical 
framework which allow to do that as scope of the model. Moreover very often the 
regressions performed do not reflect exactly the dependent and independent variables 
analyzed in the theoretic part with the risk to get incoherent findings.  
In Drouhin et al (2003) we find a first attempt to get a completely theoretical approach to 
the problem of HIV impact on economic growth. 
In the first part of the work they classify HIV effects on economy as: 
 direct costs due to an increase in both public and private health expenditure which 
reduce savings and capital accumulation. 
 indirect costs due to the implied morbidity and reduced labour participation with 
negative effects for household resources especially before the increased direct 
costs. 
 Moreover they individuate also important deferred indirect costs which are 
primarily caused by the reduction in investment in education for higher mortality 
and the reduction in resources which implies a lower level of human capital with 
respect to the potential one. 
Then authors introduce a standard growth model in a Solovian framework to show that 
HIV epidemics affects economy through different channels as lowering population 
growth rate, reducing productivity and reducing savings. 
In a Solovian framework the first impact has a positive effect on the economy, while the 
other two cause negative effects, consequently the net impact is ambiguous. 
Adopting an AK model, instead, the change in population growth rate generates a positive 
temporary increase in the growth rate of output per worker. However, since the active 
population enter in the capital accumulation mechanism, then the growth rate fall 
permanently below the initial level and this together with the other negative effects allow 
to conclude for a clear net negative impact of the epidemic on the economy. 
At this point authors introduce an augmented Solow model with capital K, labour L, 
public expenditure D and health H as inputs. 
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𝑌 = 𝐾𝛼(𝐿𝐻)𝛽𝐷1−𝛼−𝛽 
The disease ε enters the production function in two different ways: reduces the quality of 
worker decreasing their health and reduces the number of workers able to work. 
The relevant news is the modeling of agent’s side by means of two kind of agents: 
• Employees who do not save and choose among current consumption and 
health education investment 
• Capital rentiers who maximize their intertemporal welfare and so are 
allowed to save, they own firms which pay taxes in proportion to their 
production 
Health expenditure is assumed to be proportional to individual’s income and allow to 
restore part of the lost labour ability of an infected worker. This implies the growth rate 
depends positively on per capita income and varies between a minimum given when heath 
care is 0 and a supremum when health care is infinitely large. 
The authors focus their attention to the case in which the minimum growth rate is negative 
and the maximum positive and hence exists a threshold value of per capita income which 
separates the epidemiological trap from the area of balanced growth. 
Then an epidemiological crisis which is modeled like a positive shock on ε may have two 
different effects on a country which was growing: 
• Depresses permanently the growth rate 
• Moves the threshold above the current level of income of the country and 
make it fall in the epidemiological trap with catastrophic consequences. 
We can observe the Aids shock may have different effects depending on the level of the 
economy that is the major finding of the work. 
The approach includes different channels in the analysis: health capital, health 
expenditure, and decrease in productivity, however it is still not comprehensive in fact 
the effect on fertility is not treated and we have not an epidemic diffusion model and this 
unfortunately means that Aids crisis have to be represented as an exogenous shock. 
 
3.3.2 Passage to OLG models 
The need of a framework by means of which approaching the problem from both the side 
of production and agents’ behavior moved authors to prefer the instrument of overlapping 
generation model rather than a Solovian structure, since the middle of previous decade. 
Such a solution allows indeed to address the shortcomings implied by the use of a Solow 
model. 
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OLG model gives the possibility to study the changes in individual choices as regards 
relevant economic and demographic variables induced by the presence of the epidemic. 
In particular it permits to analyze the interaction between the disease and individual 
behaviors as for example in case preventive health investments are allowed. Hence the 
disease may be treated as endogenous determined rather than taken as exogenous. 
We see, first attempts to attack the problem using this instrument are again poor. The 
authors do not use all potentialities of the OLG model and do not approach the issue by 
considering the whole set of effects which Aids causes on economic and demographic 
variables. They focus only on few aspects avoiding to treat some relevant variables as 
endogenous and losing the possibility to deal with the problem in its entirety. 
Fortunately during time we observed an evolution of the approach to the problem, in fact 
in recent years authors tried to investigate direct and indirect effects of the HIV by treating 
some variables like fertility or mortality as endogenous. Also the mechanism of disease 
transmission has been modelled in different ways to describe the dynamics of the 
epidemics. However up to now nobody elaborated a single model able to take account of 
all the main effects of Aids epidemic on relevant variables and their interactions. Maybe 
a similar approach would help in determining the net impact of the disease on fertility and 
on economy which is still matter of discussion among authors because not definitely clear. 
 
3.3.2.1 Policy issues 
Corrigan et al (2005) in their work want to investigate the effect of massive Aids crisis in 
sub-Saharan Africa on economic growth in order to know the effects on the welfare of 
future generation and valuate usefulness of some intervention policies. Even if Aids 
affects economy in many ways the work examine only two channels of influence: 
• Life expectancy decrease which reduces incentives to invest. 
• Creation of a large number of orphan that damages human capital 
accumulation. 
For the analysis is used a three period overlapping generation model where agents live 
youth and two adulthood ages: 
• The first period is the only one, in which agents can develop human capital, 
the accumulation is ruled by Lucas criteria. The decision about how much time 
to allocate between learning and labor children is taken by parents. 
• At the beginning of adulthood agents experiment infection shock with 
probability (1- πt) then inelastically supply labor and take decisions regarding: 
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intertemporal consumption, children consumption and children education. 
An infected individual is less productive than no infected ones and know he 
will certainly die before period 3, hence infected people does not save at all 
and have to face medical expenditures. 
• In period 3 we have consumption. 
The supply side of the model is described by a Cobb Douglas production function with 
capital and effective labor as productive factors. The model is easily solved to get the 
equilibrium since medicine price, population growth, infection probability and loss in 
productivity of infected workers are exogenous. 
Though in the paper is presented also an upgraded model where medical expenditure 
influence negatively productivity loss. In this case schooling time of children depend on 
parents' human capital and hence on healthy history. 
Next the model is calibrated choosing parameters which should roughly correspond to 
Sub-Saharan economies. Then, through simulations performed using first model, the 
authors examine four possible scenarios of the epidemic, which is introduced in the ninth 
period and modelled like exogenous shocks of different length and intensity. 
Results show, only the permanent presence of the infection causes a stable reduction in 
economic growth, while in other cases after a reduction, the rate of growth of per capita 
income comes back to its initial level. Anyway in all scenarios income stays below the 
potential one, which could have been reached without the disease. 
A second stage of analysis wants to show the robustness of findings by reporting results 
for a set of different parameters. We have also a comparison between first and second 
model showing that HIV has larger negative short run effects when productivity depend 
on medical expenditures. 
Finally some policy instruments are examined, but none shows to have substantial growth 
effects. The most interesting finding is that varying medicine price you can observe a 
tradeoff between short and long run income because medicine (through productivity) and 
child labor are substitutes, in fact both provide income. Hence cheaper medicine prices 
lead to higher human capital investment and long run growth.  
The aim of the paper by Bell and Gersbach (2006) is indeed analyzing some possible 
intervention policies in the domain of health and education in order to limit economic 
damages caused by HIV, which bring high mortality among young adults with consequent 
destruction and lack of accumulation of human capital. 
Two policies are compared: 
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• Single domain target (ST), which consists in a first period intervention in 
supporting education of a subset of the target population and a second period 
investment in promoting health of these educated people. 
• Double domain target (DT), where we have an intervention in both domains 
in the two consecutive periods. This latter policy is concentrated in a smaller 
group of people who receives strong help leading to an increase in inequality. 
The framework is an OLG model developed by the authors in "The long-run economics 
costs of Aids: theory and application to South Africa " in 2003. We have two periods: 
childhood, when human capital accumulation is possible according to parents' decisions; 
adulthood, here we have the decisions about the level of education of children and 
consumption. 
The behavior of the household depends on the state of the family: we have two parents’ 
family, single parent family and orphans. To each state is assigned a positive probability 
based on mortality. The epidemic is modeled simply as a breakdown in surviving 
probability. 
An important assumption is that orphans receive only a minimum level of education, at 
which we have not altruism for children, so we enter in a poverty trap for all their 
descendants since also the latters will have such minimum level of human capital. 
Under this assumption we can see the public intervention is necessary to escape the trap 
because government consider a longer time horizon than families' one. 
The authors proceed comparing the policies starting from a situation of economic 
backwardness, where all people own only the minimum level of human capital. Hence, 
since we know at this level of education there exists no altruism for children, we 
understand that an intervention focusing only on health care is useless for economic 
development. 
The intervention in education takes the form of subsidies to households conditioned to 
school attendance of their children. Instead intervention in health, which consists in 
prevention and treatment, is modelled as a reduction of mortality. 
The results illustrate that DT becomes more appropriate when the costs of promoting 
education are high and hence it is preferable avoiding the waste of the investment by 
means of an intervention in health care also in the same period. This allows indeed to 
avoid educated young adults' death. 
Also high mortality make DT more attractive, because a lot of educational investment 
would be wasted adopting ST. 
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Both the works have an important limit consisting in the absence of endogenous fertility 
decisions which implies HIV effects on this important variable are not considered. 
Moreover Aids is represented as a simple exogenous shock in mortality, which is very 
poor and different with respect to the one caused by an epidemic that evolves depending 
on population and infection rate dynamics and agents individual choices. 
However beyond these limits we can observe an evolution in the approach to the problem 
because in both the articles there is the effort to analyze the consequences of possible 
public policies. Such aspect is surely more developed in Bell and Gersbach (2006) which 
deeply compares two different interventions in a situation of scarcity of public resources. 
Even if the maximization scheme used to get the best result from each policy is not clear 
neither illustrated we can catch a noteworthy result: the way to get out from a poverty 
trap caused by an increase in mortality that drops human capital can go through a policy, 
which initially leads to a stronger inequality. 
Finally a further observation about Bell and Gersbach’s assumption at the base of the 
mechanism of family creation is necessary. In fact mixed families, where we have an 
educated and an uneducated person are not allowed. If this strong simplification would 
not be present also the findings could be different: it would be possible falling again in 
the poverty trap. Moreover it could became crucial the choice of the intervention's target 
level of education and therefore, in order to compare the efficacy of the policies, would 
be interesting to observe the evolution paths of them, for example by means of 
simulations. 
 
3.3.3 AIDS as the big plague: a world of opportunities after the catastrophe? 
Before examining most recent papers we presents the articles which originated a strong 
discussion around the point of HIV’s net impact on fertility. The two works of Young 
(2005, 2007) and the critics which have been moved by S. Kalemli-Ozcan (2011, 2012, 
2013). 
Young (2005) suggests, Aids, exactly like in the case of the plague in XIV in England, 
by lowering fertility and increasing mortality may activate a positive cycle of high per 
capita income and scarce workforce strong enough to be only partially offset by the loss 
in the level of human capital. Hence he affirms, HIV has a positive net influence on the 
future per capita income in South Africa. His approach is still within a neoclassical growth 
framework but he tries to introduce agent choices dimension, even though he adopts an 
empirical approach to the problem without applying his theoretical model. 
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The author wants to focus on the disease’s effects on human capital and fertility, hence 
he models household behaviors assuming a beckerian utility function having as 
arguments the number and quantity of children , consumption and leisure of both man 
and woman. This uni-periodal choice model is extended to the entire period of life of 
household assuming that the utility function is inter-temporally separable. 
The sum of all the individual choices of consumption and savings is relevant to determine 
the evolution of the capital stock over time, but the author extremely simplifies this issue 
assuming that aggregate rate of saving keeps constant due to the behavior of public sector. 
In the following Young uses OHS and DHS data on personal information and behaviors 
of households to estimated income as a function of sex, age and level of education. Then 
predicted income is used as independent variable to determine households’ choices about 
leisure time, children's education and fertility. The results of the estimates show a strong 
negative influence of HIV prevalence on fertility. This will have a key role in the 
simulations. 
The macroeconomic solovian model is calibrated using Federal Reserve Bank of South 
Africa’s data on the stock of capital and the rate of depreciation. The production is 
modeled by means of a Cobb Douglas having as inputs capital and the effective labour. 
The latter is evaluated on the basis of education, gender and age. Technological progress 
is excluded. 
Other assumptions concerning the effects of HIV are: 
• fertility is reduced according to the value of the estimate; 
• children orphaned by the epidemics abandon their studies; 
• infected individuals die in the ninth year after infection and during the 
previous 8 years behave as they were healthy individuals; 
• one third of children born by infected women die in their first years; 
• epidemic is assumed to have a sinusoidal pattern and to be defeat in 2050 
because of exogenous factors. 
The last part of the work deals with simulations of the evolution of South Africa economy. 
Different scenarios are showed and the most interesting findings regard the scenario with 
HIV. Here we observe the wages per unit of effective labour growing significantly above 
the level expected in the absence of epidemic because of the reduction in the growth rate 
of workforce induced by higher mortality and lower fertility. So we observe a faster 
growth of capital per worker and wages. 
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Furthermore higher wages stimulate the quantity-quality transition and reinforce the 
positive economic cycle. But in the long run the loss of the potential accumulation of 
human capital has a dominant effect pushing down wage, per capita income and the level 
of education below their respective values in the scenario without Aids. 
The other crucial and intuitive result concerns the scenario, which HIV has no impact on 
fertility in. Here predictions are catastrophic and the level of all macroeconomic variables 
is the lowest among all the possible cases. Once again we can appreciate the key role of 
fertility in the problem. 
Finally the author shows that, during the period of evolution of epidemics, the higher per 
capita income allows both to allocate enough resources for patients’ health care and have 
a higher level of consumption with respect to the case of absence of HIV.  
This result goes through two components that competes each other at the macroeconomic 
level: the former effect regards how the epidemic affects human capital accumulation. 
With this regard, Young (2005) finds that AIDS plays a negative role on the accumulation 
of human capital, especially on the part of orphans. There also exists, however, a latter 
effect related to how AIDS affects fertility behaviour. Indeed, an infection at larger scale 
tends to lower fertility through a direct effect caused a reduction in unprotected sexual 
activities; indirectly, it contributes to increase the opportunity costs of women, while also 
raising the wage. Young’s main finding is based on simulations for which the combined 
fertility effects (both direct and indirect) on population growth and the dynamic of capital 
per worker counterbalance the reduction in education due to AIDS which reflects on 
productivity and hence on the level of income per worker. Then, AIDS epidemic may 
represent an engine of increasing income and consumption, while also becoming the basis 
for improved standards of living for future generations.  
In his next work of (2007) Young extends the study to the entire Sub-Saharan Africa 
sustaining the same thesis: HIV epidemics will create supplementary resources with 
respect to the case of no epidemics, which could be used to give medical care to patients.  
He performs a completely empirical analysis using WFS and DHS data of 29 countries. 
According to the findings, HIV prevalence has a negative impact on the fertility rate. This 
result is interpreted as a behavioral response to the epidemic which is positively correlated 
to the use of contraceptives. However also the possibility of having a spurious regression 
is real, since large part of studied countries were already experiencing the demographic 
transition process. 
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No clear direct effect of Aids on human capital accumulation is found, but only an indirect 
one through parents’ death. 
The author perform simulations of the evolution of the economic system under 
assumptions very similar to those previous article. There is only a relevant difference: 
school attendance of orphans is assumed to be decreased in according with the results of 
regression instead to be interrupted. 
The aim pursued in simulations is maximizing the amount of resources that we can 
allocate for medical care (M) for infected individuals in their last year of life, granting to 
individuals the same level of consumption (C) they would have had in absence of the 
epidemic. 
The maximization problem is the following: finding the highest value of M compatible 
with the constraints: 
𝑛𝑡+1
ℎ 𝑘𝑡+1
ℎ = 𝐹(𝑘𝑡
ℎ, 1) − 𝐶𝑡
ℎ
𝑃𝑜𝑝𝑡
ℎ − 0,5𝐶ℎ𝑡
ℎ
𝐸𝐿𝑡
ℎ −𝑀
𝐴𝐼𝐷𝑆𝑡
ℎ
𝐸𝐿𝑡
ℎ + (1 − 𝛿)𝑘𝑡
ℎ 
𝐶𝑡
ℎ ≥ 𝐶𝑡  ∀𝑡 ∈ [0, 𝑇] 
𝑘0
ℎ = 𝑘0 𝑎𝑛𝑑 𝑘𝑇
ℎ = 𝑘𝑇 
Where n is the rate of growth of population, k is capital per worker, 𝐹(𝑘𝑡, 1) is the 
production funtion in intensive form, Pop the population, Ch the population aged 0-14, 𝛿 
the depreciation rate, AIDS the number of persons dying of Aids and EL the effective 
labour. 
All the variables are indexed with time: 0 is the initial period and T the final one. The 
subscript h denotes the variable in presence of HIV. 
Three scenarios are illustrated: 
• Strong effect of HIV on fertility 
• Weak effect of HIV on fertility  
• No effect of HIV on fertility  
In first two cases the lower fertility reduces dependency ratios and activates a mechanism 
which accelerates assets accumulation and allows both to allocate enough resources to 
take care of patients and grant to all the population at least no HIV scenario’s level of 
consumption. As expected in the third case such a possibility does not exist. 
It is very curious reading in note 84, that even with strong effect of HIV on fertility we 
are not able to grant medical care for infected people in the state of South Africa which 
seem to be totally in contrast with findings of the previous paper. As concern the latter 
indeed, we find many weak and unclear points. 
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First of all presenting the example of the plague of the '300 in England in full Ancien 
Régime and then adopting a model based on Becker’s idea is not so coherent. In fact the 
two approaches provide completely different interdependencies between income and 
fertility and hence population growth and labor force. 
Moreover the use of the Beckerian model illustrated at the beginning of the article is really 
ambiguous, because in the following the author performs an empirical analysis and these 
estimated relations between income, level of education and fertility are indeed used in the 
work, instead of a clear utility function as you could expect from the initial attempt of 
modeling. 
Our second main criticism lies in alleged support that demographic data would bring to 
Young’s position. By reporting 5-years age groups census data on the age distribution of 
from South-Africa Young states that: “The impact of HIV on fertility, a key element in 
the analysis above, is confirmed in census data. In 1991 South Africa had the downward 
sloping profile typical of an economy with rapid population growth. During the 1990s 
this profile flattened until, by the time of the 2001 census, the number of teenagers 
exceeded the number of preteens.” This argument is clearly trivial on a demographic 
standpoint given that much of this ageing effect is the consequence of the ongoing fertility 
transition, for which South Africa was surely leader among SSA countries. Our main 
point in relation to this is that no claim about possible effects of HIV on fertility can be 
made without a clue to separate the effects of HIV from those of the ongoing fertility 
transition.  
Regarding both the works we note that infected agents are assumed to be equal to healthy 
ones up to their last year of life without precedent reduction in their productivity. This is 
a shortcoming in contrast with many other authors (e.g. Chakraborty 2010) and empirical 
results. A lowered productivity would reduce income per worker and could change the 
findings of the articles. 
Other weaknesses concern primarily the adoption of a closed economy framework 
because it is not realistic, but in the second article the problem is treated in an open 
economy framework and represents an improvement. 
Secondly the assumption of absence of technological progress, which is far from the truth 
of a developing country and underestimates the effects of a lack of human capital 
accumulation because of the synergies between the two phenomena. 
Thirdly not considering that medical care could extend the life of patients with the 
consequent need of a greater amount of resources. 
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3.3.4 “Reversal” of the fertility transition? 
The strongest critic to the previous works can be indeed moved to the estimate of the 
negative impact of HIV on fertility, which has a key role in getting Young’s conclusions. 
As shown in the article "HIV and fertility revisited" by S. Kalemli-Ozcan and B. Turan 
(2011), such a negative relation is obtained thanks to an artifice consisting in regressing 
the fertility on HIV for the period 1968 – 1998, even if there are no data on the prevalence 
of HIV prior to 1990 and assuming the value of missing observations are equal to 0. 
Furthermore the authors show, that it is possible obtaining an absence of correlation in 
the period 1986-1998 and a positive correlation between HIV and fertility in the period 
correspondent to data availability. The authors stress the attention also on two other 
points: firstly, used data on HIV prevalence may easily be biased, because based on a 
sample of pregnant women, secondly the risk of spurious regressions because South 
Africa was already in a phase of demographic transition in that period. 
In the successive elaborate "HIV and fertility in Africa: first evidence from population-
based surveys" of 2013 Juhn and the former two authors illustrate a careful and detailed 
estimate of the effects of HIV on fertility. They estimate separately the impact of the 
epidemic on the fertility of the two groups of female population: infected and non-
infected. Moreover they use recent data of 13 Sub-Saharan countries which allow a more 
accurate estimate of HIV prevalence in the population and results are again strongly 
different from Young’s ones. 
In fact the results show that HIV reduces by approximatively 20% the fertility of the 
cohort of infected women, however no significant effects of the epidemics on the fertility 
behavior of non-infected women are found. 
Since the ultimate effect on fertility will be determined by the behavior of the cohort of 
non-infected women, the conclusion is that HIV/AIDS has a negligible impact on the 
aggregate fertility. 
On the light of these considerations in both articles the scenario with no impact on fertility 
is the most realistic and the results would be reversed. [Figure 4] 
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Yet the central paper concerning the recent debate in the literature is AIDS, “reversal” of 
the demographic transition and development: evidence from Africa by Kalemli-Ozcan 
(2012). Here the author used four different approaches to the empirical problem of 
estimating the impact of HIV on fertility. A positive significant relationship is obtained 
from a cross section of 44 African countries. Nevertheless over time within-country 
comparison produces non-robust results, which are not significant in most of the 
specifications. 
Despite some doubts may rise about possible unobserved country-level heterogeneity, 
which would invalidate the estimation, the positive relationship between fertility and HIV 
is robust to the regional estimation that also controls for country fixed effect.At this point 
we can well appreciate the importance of this aspect of the problem: the sign and entity 
of the effect of HIV on fertility may change completely the evolution of the economy. 
Hence we realize there is a strong need of determining such a relation in order to be able 
to understand the whole impact of the epidemic on the economy. 
 
3.3.5. An attempt to conciliate Young and Kalemli-Ozcan 
Boucekkine et al (2009) indeed attempt to handle the recent controversy between Young 
and Kalemli-Ozcan who have opposite views on HIV effects on fertility. 
Figure 4. GDP per capita (relative to no HIV) 
Source: S. Kalemli-Ozcan, B. Turan / Journal of Development Economics 96 (2011) p.64  
 
Young’s estimates 
Kalemli-Ozcan and Turan’s estimates 
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The article investigates about fertility optimal behaviour in presence of mortality shocks 
like Aids epidemic.  
The authors adopt a three periods OLG in order to study the effects of child and adult 
mortality on fertility: 
• Chidhood, in which time is totally spent in leisure and mortality is equal to 1-
qt 
• Young Adulthood, here agents take their economic decisions about inter-
temporal consumption, number of children and labour time. Mortality is 1-pt+1 
• Senior adulthood, resources saved in previous period are consumed. 
A CES utility function is chosen and a partial equilibrium analysis keeping factor prices 
(wage and interest rate) fixed is made. 
We observe that a decrease in survival probability pt+1 leads to an increase in fertility, 
while a growth in child mortality 1-qt+1 raises total fertility but leaves unchanged net one. 
This latter result is artificially got by means of an algebraic trick consisting in introducing 
in the utility function the product (qt+1nt+1), so any change in qt+1 cause a change in 
variable nt+1 but leaves the product constant. In fact the agent really is choosing net 
fertility and not total one, consequently a change in child mortality does not affect the 
choice of the agent who simply change with no cost total fertility to leave net one 
unchanged. This is possible because no cost of giving birth to a child is included in the 
model. 
Note that the effect of a raise in wages, ceteris paribus, has a negative impact on fertility 
only if the elasticity of consumption to the income is positive and smaller than 1. 
The general equilibrium analysis, even if more qualitative and less rigorous than the 
partial one, shows that a decrease in qt+1 leaves unchanged factor prices and hence affects 
only total and not net fertility. But show also that a decrease in pt+1 have an ambiguous 
effect on net fertility when 0 < 𝜎𝑐 < 1 because the direct positive effect on net fertility 
is counterbalanced by the negative one due to the consequent increase in wages (less 
labour force). 
Under some conditions which are not illustrated, because the formal solution of the 
general model is not showed, a reduction in pt+1 could lead to a decrease in net fertility. 
In the following an empirical part supports the conclusions of the theoretical model. 
It is remarkable that in the regression the variable education is inserted as regressor while 
it is not present in the theoretical model, consequently the results are not easily 
comparable. 
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Data used regards 39 states of Sub-Saharan Africa. Variables have been differentiated in 
order to remove part of endogeneity. 
A common time trend is introduced in the regression even if the analyzed countries are 
heterogeneous under such aspect. In fact in some cases demographic transition was 
already started at the beginning of the period examined, while in other cases no. This may 
be source of confusion in the regression. 
Results show, child mortality have a positive effect on total fertility and none on net one. 
According to theoretical model adult mortality affects negatively fertility likewise income 
and average years of schooling. HIV appears to have no direct effects on fertility since its 
coefficient is not significant. 
Therefore the model seems to be validated but there are many elements which can rise 
some doubts: 
1) In the theoretical part a raise in pt+1 can have an ambiguous effect on fertility due to 
the indirect channel through wages, but in the model lacks the important role of human 
capital (education). In fact the latter is negatively affected by raises in mortality and can 
lead to an increase in fertility and a decrease in income and again an increase in fertility. 
This is a force against the possible ambiguous effect which make the possibility of a 
reduction in fertility very implausible. 
2) Concerning the empirical part we have the same problem of Young articles: the HIV 
prevalence data used are based on a sample of only pregnant women which may probably 
be not representative. 
Finally even if human capital is not present in the theoretical model, we see an important 
evolution in the approach to the problem. For the first time we have an attempt to formal 
model HIV epidemic impact on fertility. 
The brilliant idea to separately consider Aids effects on adult population and children is 
really appreciable, too; however its modeling by means of an exogenous shock in pt 
followed by a single further shock in qt+1 due to transmission to children is very poor. 
 
3.3.6. The problem of the dynamics 
Up to now we examined articles which models HIV epidemics simply as an exogenous 
mortality shock, often a single periodal one. 
However the characteristics of the epidemic require a dynamic point of view of the matter 
in order to correctly approach the problem and get meaningful results on the long run 
implications for economy. 
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We will see that in latest years some authors moved in this direction. 
For example Boucekkine and Laffargue (2010) want to deep analyze the impact of 
epidemics on income distribution by studying the influence on population dynamic 
through its effect on mortality and considering the important role of orphans. 
They choose a three periods OLG model as theoretical framework. If the agent does not 
die before, he will pass through the following states: 
• Child, who takes no economic decisions, since parents decide his health 
investment; 
• Junior adult, who is totally altruistic with his children, in fact he only cares 
about their survival and future social position. With this aim he chooses the 
amounts of his own health investment and savings which will be investments 
in children health in next period; 
• Senior adult who does not receive any wage and invests in the health of 
children using savings. 
The private health investment influences positively the survival probabilities of a junior 
adult to become senior and of children to become a junior adult. The latter even if totally 
altruistic will invest in his own health in order to not leave his children orphans, because 
they have fewer chances to get a higher level of human capital. 
Education level cannot be chosen but it is ruled by a stochastic variable. In fact human 
capital can assume only two values 0<h1<h2 and a children who become junior adult will 
be endowed with h1 or h2 depending, respectively, on probabilities 1-p and p, while 
orphans have a lower probability q to get h2 and 1-q to get h1. 
The authors developed the model with reference to the Aids epidemic and assume HIV 
affects in the same way the mortality of both educated and less educated people. Then the 
existence of a unique solution is proved and also the following other results: 
• A junior adult endowed with high human capital invests more in both his own 
and his children health, such investments respectively increase and decrease if 
utility for parents to be alive increases. 
• Adults’ investment in their own health are independent of the number of 
children. 
• In case of epidemic junior adults increase their own health investment and 
decrease that of children, the net change in survival probability is negative and 
proportionally higher for less educated individuals and their children. 
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At this point the authors set up a markovian matrix M whose elements are the probabilities 
that a child will survive and get a precise level of human capital in both the cases he is 
not or he is orphan. 
Matrix M governs the population evolution and is used to study the dynamics of 
population considering the impact of a single period mortality shock. 
All junior adults increase their health investment and decrease that of their children and 
survival probabilities of junior adults and children decrease. This happens proportionally 
more in the class of low human capital agents, hence the proportion of children with more 
educated parents increases. Since they have a higher probability to get h2 education 
endowment, the proportion of more educated junior adults tends to increase in two 
periods, but you have also a greater proportion of orphans due to the reduction in parents’ 
survival probability and this will have an effect in the opposite direction. 
In conclusion if the former effect prevails, output per worker increases and we have an 
ambiguous effect on income per capita because dependency ratio increases. Otherwise 
you have a sure negative effect on both variables, such results hold for each even period 
after period 0, while in odd periods since that generations are not affected, output per 
worker is the same but per capita income increases for the reduction in dependency ratio. 
Furthermore, in the long run the share of educated and less educated adults will come 
back to equilibrium values even if they had been changed by the epidemic shock. 
This paper has the merit of analyzing the health investment behavior of agents giving so 
much relevance to the problem of orphans, which is often is neglected. 
A limit consists in the choice to consider human capital the outcome of a stochastic 
process rather than a choice of agents. Moreover both the issues: income distribution and 
orphans cannot be completely approached by this model because wage and fertility are 
taken as exogenous and direct and indirect effects that these two variables have on the 
problem are not considered. 
Finally even if mortality is endogenous thanks to the health investment such approach 
still does not allow to have an endogenous dynamic of the epidemic, in fact the latter is 
modeled by a poor uni-periodal mortality shock. 
On the last point a further improvement in the modeling of the epidemic can be 
appreciated in the work of Chakraborty et al (2010). They adopt an endogenous disease 
transmission process, that can be considered micro-founded, and also endogenous private 
health investments. These two characteristics allow to have an endogenous mechanism 
able to describe the epidemic dynamics as the evolution of the HIV prevalence. 
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The authors try to investigate the relation between infectious disease and economic 
growth. 
They incorporated both disease mortality and transmission together with the role of 
prevention choice in a growth model; to be precise the general framework is an 
overlapping generation model. 
The disease affects individuals in three main ways: 
• Reduces labor productivity; 
• Reduces also the quality of life and hence the utility flow from a same bundle; 
• Increases the risk of mortality, in particular of premature death. 
The authors illustrate only two periods of life of agents, however the existence of a 
precedent moment (a kind of period 0 for the agent), in which the choice of preventive 
health investment takes place, is clearly implicit. 
Then we have first and second period: 
• At the beginning of the former we have a double-phase disease transmission 
process, in which firstly there is the possibility to be infected by old 
generation’s sick individuals, secondly by the newly infected young 
individuals. Then agents take economic decisions (consumption, savings, 
labor supply …) knowing their health state; 
• At the beginning of the latter, infected people contribute to disease 
transmission to following generation and then experiment mortality shock, 
only surviving people will have consumption in this phase. 
The model is closed by a technology with labour and capital as factors, which describe 
the production side of the economy. 
Next the authors calibrate the model to analyze effects on economic development and 
disease evolution of malaria. They do calibration also for HIV case, and even for a third 
situation where both disease are present in the economy and malaria facilitate HIV 
transmission. 
The main findings of this work are:  
1) A nonlinear relation between the prevalence rate (i) and values of capital per 
worker (k) that satisfy Δkt=0. In fact, disease affects variations in capital per 
worker Δkt in two different ways: through the negative effect on savings due to 
changes in productivity and mortality; through the debilitation of labor force that 
makes it relatively scarce and makes its return increase with positive effects on 
savings. 
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2) When k is low the former effect dominates, viceversa for larger values of k. 
2) A stable equilibrium with high level of disease prevalence and no growth. That is a 
new kind of poverty trap which can threat also wealthy countries if they face a sufficiently 
high prevalence rate. Moreover, since the main driver of saving is the probability of 
premature death, for some value of this parameter we have not a poverty trap, but a growth 
trap, where we are not able to escape high level of infectious rate.  
Also Augier and Yaly (2013) approach the problem of health investments with the aim to 
understand the possible interactions with disease dynamics and economic growth through 
capital accumulation. 
The model chosen for the analysis is a bi-periodal OLG where we have only two states 
of life: youth and old. 
Young adults rigidly supply their labour and allocate their net income after fiscal taxes 
among consumption and health care z, which affects positively the survival probability 
1-q. 
If agents survive up to old age, they will consume their savings increased of the return 
which contains interests and the savings of dead agents. 
The production side is modeled using a Cobb Douglas with labour and capital as factors. 
The dynamics of capital depend on the level of forced savings determined by the level of 
taxes. 
The current level of disease rate of prevalence xt is affected positively by xt-1 and 
negatively by aggregate level of health investment Z in the previous period, but the latter 
is function of the capital, therefore the current level of prevalence can be rewritten as 
function of capital per worker k and x of the previous period. 
𝑋𝑡 = 𝐺(𝑋𝑡, 𝑍𝑡) = 𝐺(𝑋𝑡, 𝜙(𝑋𝑡, 𝑘𝑡)) 
The authors find a critical threshold value of x which could be attractive or represent the 
level at which the epidemic will spread definitively. Instead the dynamic of capital 
depends only on the capital in the previous period, hence the problem can be reduced to 
a system in two variables only: x and k. 
At this point authors linearize the system to study the properties of equilibrium in a 
neighborhood and then show an example to illustrate the model. 
The main findings are that health investment may allow to progressively reduce the 
disease prevalence with positive effects on the economy growth. However an increase in 
the level of capital is not always sufficient to fight against the disease, in fact a rise in 
capital can increase or decrease health investment depending on the level of prevalence. 
50 
 
This two works are appreciable because they relate prevalence dynamics with health care 
investments. Unfortunately under some aspects they represent an involution in the 
approach, in fact human capital investments are absent and the effect of the disease and 
risk of premature death on fertility choices is not considered. Moreover exogenous 
fertility does not allow to address the effect all the effects which concerns capital 
dynamics. 
Augier and Yaly (2013) has a further limit: it does not consider the reduction in 
productivity and hence in wage and savings that the disease displays on infected workers. 
All the examined works put in evidence the importance of only a limited number of 
selected channels through which HIV/AIDS really affects economy. They are very far 
from a comprehensive approach to the analyzed problem mainly because of its intrinsic 
complexity. This represents indeed a challenge for macroeconomic dynamic theory. In 
the next chapter we give our contribution by structuring a theoretical model with the aim 
to attack the problem.  
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4. A model with endogenous fertility and human capital. 
In this chapter we will proceed to the development of the OLG model briefly summarized 
in the Introduction, which represents the main output of this thesis. The model aims to 
represent the dynamic interplay between the transmission dynamics of HIV, child and 
adult mortality, agents’ fertility decisions, and their ultimate feedbacks on economic 
development in SSA. The dynamic framework combines: (a) an explicit representation 
of the mechanism of HIV transmission and disease (as done e.g. in recent important work 
by Chakraborty 2010, 2014), as a way to get meaningful quantitative responses on 
relevant dynamic issues, such as the time scales of the interaction between the disease, 
fertility and the economy; (b) a representation of the stages of economic development as 
summarized in the Unified Growth Theory (Galor 2011), in order to have a framework 
focusing on the key issue, i.e. the interplay between the fertility transition and economic 
development in SSA. However, compared to the basic Galor’s structure, which included 
child mortality only, we will consider both endogenous child and adult mortality. This 
multiple endogeneity permits to take into account the specific effects of AIDS mortality, 
which frightens both very young individuals, through vertical transmission of infection 
from mothers to children, and active adult individuals of any age, through mainly 
heterosexual transmission. In particular, even if the increase in child mortality due to 
AIDS is an important ingredient, the far more important factor is the upsurge in young 
adult mortality, which prevents the supply of resources for child education, which in turn 
kills the growing process of human capital formation. 
The final configuration of the model describes the joint dynamic of human capital through 
education and of HIV infection, which in turn affect child and adult mortality and fertility 
behaviors. 
 
4.1. Background of the model 
The basic framework of our model is essentially similar to the OLG developed by Galor 
in his Unified Growth Theory (2011). However we will introduce a number of important 
differences in order to have a structure focusing on the interplay between the fertility 
transition and economic development in SSA. This allows to analyze the demographic 
and economic implications of an epidemics with high mortality as the HIV/AIDS one. 
The most relevant innovation is an explicit representation of the mechanism of infection 
transmission following Chakraborty et al. (2010, 2014). We believe this step is 
fundamental for having a minimally adequate representation of the evolution of the 
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infection and hence meaningful quantitative responses on relevant dynamic issues, such 
as the time scales of the interplay between the disease, fertility and the economy. In this 
way we try to overcome one relevant limit of most part of the works analyzed in the first 
chapter, that is the modeling of HIV/Aids epidemics as an exogenous uni-periodal 
mortality shock. In fact the characteristics of HIV/AIDS to become persistent in Sub-
Saharan Africa do not allow a representation via a simple one period mortality shock. 
Concerning this issue indeed some further clarifications are necessary. Really the issue 
of HIV transmission (excluding vertical one) is a very involved phenomenon since each 
individual in principle could become infected as consequence of a sexual encounter with 
any HIV positive individual of the opposite sex (we concentrates on heterosexual 
encounters since represent more than 99% of the cases of non-vertical transmission). For 
simplicity we divide the lifetime of an individual into three periods: 
childhood/adolescence, young adulthood and old adulthood. Even in this stylized 
framework, which does not take into account the heterogeneities existent in so large 
classes of age, you can appreciate the complexity of the problem in Fig. 5. 
 
 
Obviously the number of sexual encounters is larger among agents belonging to the same 
class of age, and HIV spreads in particular among young adults. However HIV infects 
also new generations since adolescents may contract the infection during sexual 
Fig. 5. Mechanism of diffusion of the infection 
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encounters with HIV positive young adults (or less likely old adults). Once an adolescent 
is infected he might transmit the disease both to HIV negative young and old adults. 
Nonetheless an economic model, an OLG in particular, does not need to contain all this 
complexity, since the aim is not giving an accurate explanation of the dynamic of the 
infection but reaching the double result of getting: 
 A phenomenon of persistency of the epidemic (typical of this kind of infections), 
which allows to improve the modeling of HIV/AIDS with respect to the solutions 
of considering it a mere mortality shock with a predetermined duration. 
 A stylized mechanism of diffusion of the epidemic, which is at least minimally 
adequate to represent the evolution of the infection. 
This beside the necessity of having an easily manageable mathematical instrument are the 
main reasons why in his structure Chakraborty strongly simplify the matter of epidemic 
diffusion and allows only for reciprocal transmission between young adults and uni-
directional transmission from young adults to adolescents (the individuals of the 
subsequent generation). This dramatically simplify the problem as you can see in Fig. 6. 
 
 
Aware of the strong simplification of the phenomenon, we will adopt an analogous 
framework. 
Fig. 6. Mechanism of diffusion of the infection (Chakraborty simplification) 
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A second main departure from Galor model is the inclusion of a third period in his OLG 
scheme to account the three well differentiated age groups that are relevant: children, 
young adults, and old adults. 
This distinction is necessary for the analysis as HIV has not an homogenous impact on 
the individuals of the three cohorts: the infection hits primarily young adults that is the 
work age and economic active population However in SSA it also hits severely children, 
through a transmission mechanism which is completely different from the one acting 
among adults (vertical transmission from infected mother instead of heterosexual 
transmission) and this allow us to take account also of this kind of heterogeneity and 
analyze the effect of Aids epidemics on both adult and child mortality. 
The third age class (the elderly) does not play an active role in infection transmission but 
plays a role because of the characteristics of agents’ utility function (see later). 
A third difference deals with the structure of utility functions. In Galor’s framework a 
single periodal Cobb-Douglas utility function is used, arguments given by the 
consumption and the product between quantity and quality of children. In particular, the 
quality of children is represented by their level of human capital. Unlike Galor, we adopt 
an inter-temporal utility function where agents, when young adults, receive utility with 
certainty (beside consumption) from the quantity of children only, whereas they also 
receive utility from both quantity and quality of children conditioned to the event of 
becoming old adults. 
Thanks to the expected utility theorem, we can use the expected utility form to represent 
preferences. In this case it means weighting the second flow of utility with the probability 
for a young adult to survive to old adulthood. 
The decision of weighting the second flow of utility with the survival probability may 
have the traditional interpretation that agents do not spend resources in something which 
does not provide utility to them. In fact in the case of premature death young adults will 
not get utility from their “endowed with human capital children” in second period, hence 
agents take their decision basing on expected utility. 
But we can provide also another interpretation, because, with some limits imposed by the 
non-adoption of heterogeneity between individuals, this kind of specification should 
allow in average to capture the phenomenon of lower level of investments in education 
of orphans, which increase in number as consequence of an increase in mortality among 
young adults, this is largely observed for the case of HIV epidemics. 
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In fact an orphaned child see strongly reduced his possibilities to receive education, we 
are unable to take into account this through the reduction in resources available for his 
education because of our assumptions in the OLG model: a young adult even if infected 
with Aids lives for the entire period in which has contracted the disease and dies before 
passing to the following age class. 
Budget constraint formulation is similar to Galor’s one: the individual distributes his time 
endowment which is normalized to 1 between rearing of children, education of children 
and the residual is inelastically supplied on the labour market. We introduce only a slight 
difference: a positive time cost for each living birth. This allows to take in consideration 
the waste of resources for those children which did not survive up to the young adult 
phase. 
Another key element of the model is adult mortality. It is endogenous and decreasing in 
the level of human capital. It aims to represent the key engine of the model, through the 
influence between the level of HIV prevalence among adults and the overall adult 
mortality. As we will see this is the main channel, through which the epidemics may threat 
demographic transition and the process of development.  
We also assume that children mortality is positively affected by the level of HIV 
prevalence of adults, through vertical transmission. Indeed a larger HIV prevalence in 
adults implies that a larger proportion of children will be born HIV-positive and therefore 
die during their very first years of life. 
We allow an exogenous positive trend in the adult survival probability reflecting the 
historical pathway of life expectancy in Sub-Saharan countries. This hypothesis allows to 
induce the demographic transition process because of the interplay between increasing 
survival and the level of income and investments in education. More important it allows 
us to reproduce the pre-AIDS demo-economic situation, and therefore to study the 
possible impact of HIV on the transition itself. 
The other elements necessary to define entirely the model are the mechanism of 
accumulation of human capital and the production technology. We choose a simple Cobb 
Douglas including education investments and parents’ human capital for the former in 
according to Tamara’s “Child mortality and fertility: public vs private education”. Unlike 
Galor we do not assume that production of human capital depends explicitly on 
technology progress since this is not considered in our model. In fact the omission of this 
element which often is considered exogenous, or as in Galor (2011) is assumed to be 
positive dependent on the level of education, would not qualitatively affect our results. 
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Production is assumed to operate under constant return to scale as in Boucekkine and 
Laffargue (2010) but we introduce also a term to capture “natural endowments” which 
are peculiar of a strong rural economy like that one of Sub-Saharan Africa, in according 
to Chakraborty et al (2010). 
 
4.2. The model 
We consider a discrete time, representative agent, infinite horizon OLG economy with 
three periods. An individual born in period t reaches adulthood with probability 𝛤𝑡 and 
conditionally to this event he may survive to old age with probability 𝜋𝑡+1. 
In his first period of life the individual may either die early, i.e. before their parents spend 
time in their education (with probability 1- 𝛤𝑡 ), or survive, in which case he receives 
education according to parents’ choice. During the last phase of this time of life he 
becomes a sexually active adolescent and has a probability to acquire the infection from 
sexual contacts with HIV positive individuals (either young adults or adolescents). 
In period t+1 he becomes an adult endowed with a level of human capital ℎ𝑡+1 who 
inelastically supplies to the market his labour comprehensive of his human for the wage  
𝑤𝑡+1. Before taking any relevant economic decision he has again the possibility to 
contract the infection from new infected agents of the same age cohort. We will see later 
how it is possible to simplify this mechanism. 
During young adulthood he decides his level of consumption  𝑐𝑡+1, the number of tens of 
children 𝑛𝑡+1 and the amount of time expenditure in education per ten of children 𝑒𝑡+1. 
This setting is needed in order to have a good proportion in the set of parameters and 
avoid that the results are determined only by the parameter included in the function of 
human capital accumulation rather than the choices of agents. 
There is no child labour and only young adults work. For the individual the decision of 
having children costs a fraction of his time 
ψ
10
 per born child, then for each child who 
survive to child mortality shock a further fraction 
𝜙
10
 of parents’ time endowment is 
absorbed for rearing according to Galor’s approach. 
At the end of the period infected young adults transmit the disease to the next generation 
and then die. This means the individual becomes an old adult with probability 𝜋𝑡+1 which 
depends on the prevalence of infection 𝑖𝑡+1. In case he lives period t+2 he does not 
consume and receives utility only from their children and the human capital they reached. 
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We omit physical capital in order to have a simpler framework to analyze the impact of 
the dynamic of the epidemic on the process of quantity-quality transition and of economic 
development. 
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4.2.1. Disease transmission 
We want to introduce in the model a mechanism of disease transmission similar to the 
one adopted in Chakraborty et al. (2010). In such approach a susceptible individual may 
be infected in two stages: 
 Intergenerational encounters when the individual interacts with individuals of the 
previous generation. 
 Intragenerational encounters when the individual interacts with individuals of his 
own generation. 
We may assume that the disease is transmitted directly from an infected to a susceptible 
person because we deal with HIV which spread among adult almost exclusively by means 
of sexual encounters. 
Chakraborty in his paper assume the disease is transmitted to the new susceptible cohort 
by the old generation immediately before the latter experiment the mortality shock due to 
the Aids. Hence the probability to become infected is the following: 
𝑝𝑡
1 = 1 − [1 − 𝑖𝑡𝜆𝑡]
𝜇1 
Where 𝜇1 is the number of intergenerational sexual encounter per each individual, 𝑖𝑡 is 
the rate of prevalence of the disease among the old population and 𝜆𝑡 is the probability to 
be infected when encountering an infected individual. Chakraborty structured 𝜆𝑡 as a 
function of the (exogenous) quality of national health institution and medical technology 
and the private preventive health expenditure sustained by susceptible individuals. 
Applying the weak law of large number 𝑝𝑡
1 is the fraction of infected among the new 
cohort of adults. So the disease further spread through the intragenerational encounters. 
𝑝𝑡
2 = 1 − [1 − 𝑝𝑡
1𝜆𝑡]
𝜇2 
Where 𝜇2 is the number of intragenerational sexual encounter per individual. 
At last the new level of prevalence of the disease among young adults may be defined as: 
𝑖𝑡+1 = 𝑝𝑡
1 + (1 − 𝑝𝑡
1)𝑝𝑡
2 
The previous equation may be rewritten as: 
𝑖𝑡+1 = 1 − [1 − 𝑖𝑡𝜆𝑡]
𝜇1[1 − 𝜆𝑡 + 𝜆𝑡[1 − 𝑖𝑡𝜆𝑡]
𝜇1]𝜇2 
Which is clearly function of 𝜆𝑡 and 𝑖𝑡 only and the parameters 𝜇1 and 𝜇2, in fact the 
number of intragenerational encounters with infected individuals depends on the number 
of newly infected during intergenerational encounters with old infected adults. Thanks to 
this observation and that in our model we do not introduce preventive health expenditure 
and we assume 𝜆𝑡 = 𝜆 ∈ (0,1) constant, we can model the probability of a young adult 
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of becoming infected in a simpler way as a function of the prevalence in the old 
population only, according to Chakraborty et al. (2014) 
𝑝𝑡 = 1 − [1 − 𝑖𝑡𝜆]
𝜇 
Where 𝜇 > 1 approximates the number of encounters with both old and young adults. 
Thanks to the weak law of large numbers we are able to model the dynamic of the 
epidemic, in fact with a large number of individuals the new prevalence rate of the disease 
among young adults converges to the probability of a young adult to be infected. 
𝑖𝑡+1 = 𝑝𝑡 = 1 − [1 − 𝑖𝑡𝜆]
𝜇 
 
4.2.2. Preferences and budget constraint 
Preferences are structured over two periods: during adulthood the individual takes utility 
from consumption and the number of surviving children. In old age he receives utility 
from the number of children and their level of human capital which is strictly related to 
their level of wellbeing. This is in line with the Beckerian idea that economic agents are 
altruistic with their children. The latter flow of utility is weighted with adult survival 
probability. 
 
𝑈(𝑐𝑡+1, 𝑛𝑡+1, ℎ𝑡+2) =  ln 𝑐𝑡+1 + ln𝑛𝑡+1 + 𝜋𝑡+1 ln(𝑛𝑡+1ℎ𝑡+2) 
 
Individuals may become infected only before taking any economic decision. However all 
of them take in consideration the risk of mortality coming out from the presence of the 
epidemic independently of their health status in fact we do not allow for heterogeneity 
between HIV positive and HIV negative individuals. This require the assumption that 
agents are not aware of their health status. 
 
The budget constraint for period t+1 for an individual born in period t is the following: 
𝑐𝑡+1 = 𝑤𝑡+1(1 − 𝜙𝑛𝑡+1 − 𝑒𝑡+1𝑛𝑡+1 −  𝜓𝑛𝑡+1
𝑔 ) 
Where 𝜙 ∈ (0,10) is the fraction of parents’ income absorbed by each ten of surviving 
children and 𝜓 ∈ (0,10) is the fraction of parents’ income absorbed by each ten of born 
children, 𝑛𝑡+1
𝑔
 are the total number of tens of born children. 
The relation between total number of born children and the number of surviving children 
is given by 
𝑛𝑡 = Γ𝑡𝑛𝑡
𝑔
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4.2.3. Child mortality 
We assume child survival probability to be a function of the prevalence rate of disease 
among young adults in the same period  Γ𝑡 = 𝑔(𝑖𝑡)   
In fact children who are born by infected parents have a positive probability to contract 
the disease at birth. If the probability of a child born by HIV positive parents to contract 
HIV at birth is δ and the same event for a child born from HIV negative parents has 
probability 0, then the unconditioned probability of a child born at time t to be infected at 
birth is δ𝑖𝑡  
Since 𝑖𝑡 is the prevalence rate of the disease among young adult population and represents 
the probability that the parent is HIV positive. 
Hence assuming 1 − Γ  (Γ ∈ [0,1]) is the probability that a child dies during his very first 
years of life when the level of prevalence of the disease is 0 and that this event is 
independent of the possibility to be transmitted the infection from parents, we get that the 
probability of the certain event Ω may be stated as follows 
𝑃(Ω) = 1 = (δ𝑖𝑡 + 1 − δ𝑖𝑡)(1 − Γ + Γ)  
𝑃(Ω) = (1 − Γ)δ𝑖𝑡 + (1 − Γ)(1 − δ𝑖𝑡) + Γδ𝑖𝑡 + Γ(1 − δ𝑖𝑡) 
At this point under the assumption that an infected child dies with certainty in his very 
first years of life we can say the probability for a child to die is 
(1 − Γ)δ𝑖𝑡 + (1 − Γ)(1 − δ𝑖𝑡) + Γδ𝑖𝑡 
Hence we can get child survival probability as 𝑃(Ω) minus the probability of the 
complementary event  
1 − [(1 − Γ)δ𝑖𝑡 + (1 − Γ)(1 − δ𝑖𝑡) + Γδ𝑖𝑡]  
And get the final formulation 
Γ𝑡 = Γ(1 − δ𝑖𝑡) 
 
4.2.4. Adult mortality 
We assume the probability to reach old age conditioned to being a young adult is a 
function of the level of human capital, the rate of prevalence of the disease and explicitly 
of the time. 
𝜋𝑡 = 𝜑(ℎ𝑡, 𝑖𝑡, 𝑡)   
It is reasonable assuming survival probability is increasing in human capital since this 
one is strictly and positive related to income, moreover we can use it also as an index of 
the diffusion of a scientific health culture among population, in fact we must notice that 
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in Sub-Saharan Countries in most part of rural areas where education is completely absent 
medical care is still based on superstitions and irrational belief. Or at least it was so up to 
some decades ago, the period in which our model has its initial condition.  
Now if we formulate the probability to die before old age conditioned to being a young 
adult as follows 
𝑎 + 𝑏(𝑡)ℎ𝑡
1 + ℎ𝑡
 
With 𝑏(𝑡) = 1 + (𝑏 − 1)𝑒−𝛽𝑡   𝑎, 𝑏 ∈ (0,1)   𝑏 ≥ 𝑎   𝛽 > 0 
Reminding that 𝑖𝑡 represents the probability of a young adult to be infected and 
proceeding as in the case of child mortality we end up with this final formulation for the 
adult survival probability function: 
𝜋𝑡 = [
𝑎 + 𝑏(𝑡)ℎ𝑡
1 + ℎ𝑡
] (1 − 𝑖𝑡) 
As expected it is decreasing in the rate of prevalence of the disease. In case of full 
prevalence it assumes value equal to 0, this does not means that the population is going 
to extinct but more reasonably that in absence of medical care as implicitly assumed in 
our model all adults are dying before old age. However they still have children during 
adulthood even if they do not invest in their education. 
See the explicit dependence of the survival probability on time is necessary to introduce 
the positive exogenous trend which allow us to emulate the positive trend in life 
expectancy present in SSA in same period. 
 
4.2.5. Human capital technology 
Human capital of each child is developed according to a Cobb Douglas technology which 
depends on the human capital of parents and the time expenditure in education per child: 
ℎ𝑡+1 = (𝑥 + 𝑒𝑡)ℎ𝑡 
With 𝑥 ∈ [0,1] 
ℎ𝑡 ∈ (0,+∞) ∀𝑡 ≥ 0 since it must hold as initial condition ℎ0 > 0 and 𝑥 + 𝑒𝑡 > 0 ∀𝑡 ≥
0 
This formulation implies the existence of a poverty trap if 𝑒𝑡 is below the threshold 1 − 𝑥 
and the existence of a balanced growth path in case 𝑒𝑡 > 1 − 𝑥. 
The presence of the additive term 𝑥 > 0 assure that children’s human capital is positive 
even if parents do not invest in education. This is in line with the thinking of central 
authors like Galor and De la Croix. 
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Really human capital accumulation is driven by 10 times the time expenditure in 
education per child. We assume this to give the variable a key role and be the determinant 
in the process of accumulation of human capital. 
 
4.2.6. Production technology 
Consumption good is the unique commodity in the economy and its production occur 
under perfect competition. The price is normalized to 1. 
We assume final output 𝑌𝑡 is produced according to the linear production function 
𝑌𝑡 = 𝐻𝑡 + 𝜃𝐿𝑡 𝜃 ≥ 0 
Where 𝐻𝑡 is the aggregate stock of human capital of the economy at time t and 𝐿𝑡 is the 
aggregate stock of labour in the same period. It holds: 
𝐻𝑡 = ℎ𝑡𝐿𝑡  
The level of human capital endowment just changes the productivity of labour, which is 
the unique input employed in the production. This factor is paid at its marginal 
productivity following the price equation: 
𝑤𝑡 = ℎ𝑡 + 𝜃 
 
4.3. Solution of the model 
At this point we are able to state the consumer problem: 
max
𝑐𝑡+1,𝑛𝑡+1,𝑒𝑡+1
ln 𝑐𝑡+1 + ln𝑛𝑡+1 + 𝜋𝑡+1 ln(𝑛𝑡+1(𝑥 + 𝑒𝑡)ℎ𝑡) 
Subject to the following constraints: 
𝑐𝑡+1 = (ℎ𝑡+1 + 𝜃)(1 − 𝜙𝑛𝑡+1 − 𝑒𝑡+1𝑛𝑡+1 − 
𝜓
Γ𝑡+1
𝑛𝑡+1)  
𝑐𝑡+1, 𝑛𝑡+1, 𝑒𝑡+1 ≥ 0 
Where we expressed the income of the individual as the remuneration of his labour 
supply. We replaced the level of human capital of the children in following period 
explicitly with the function depending on parents’ human capital and decision of 
investment in the education of children. Moreover we substituted also the relation 
between total number of born children and the number of surviving children. 
The problem has a unique solution in fact the function is strictly concave in the compact 
set defined by the constraints. 
Solving it we find the optimal behavior of individuals who maximize their utility function. 
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𝑐𝑡+1 =
ℎ𝑡+1 + 𝜃
2 + 𝜋𝑡+1
 
𝑛𝑡+1 =
Γ𝑡+1
[Γ𝑡+1(𝜙 − 𝑥) + 𝜓](𝜋𝑡+1 + 2)
 
𝑒𝑡+1 =
[(𝜙 − 𝑥)Γ𝑡+1 + 𝜓]𝜋𝑡+1
Γ𝑡+1
− 𝑥 
 
Differrently from Galor we did not assume any subsistence level of consumption. We can 
either implicitly assume it is 0 or better assume 𝜃 is large enough to assure this level of 
consumption is reached for each possible value of human capital and adult survival 
probability. That is this subsistence level of consumption is smaller or equal to 
𝜃
2
. 
We want fertility to be positive, therefore we may state the following condition on 
parameters: 
(𝜙 − 𝑥) > 0 
Given this condition we might have a corner solution only for 𝑒𝑡+1, when 
[(𝜙 − 𝑥)Γ𝑡+1 + 𝜓]𝜋𝑡+1
Γ𝑡+1
< 𝑥 
In this case the solution is given by: 
𝑐𝑡+1 =
ℎ𝑡+1 + 𝜃
2 + 𝜋𝑡+1
 
𝑛𝑡+1 =
Γ𝑡+1(𝜋𝑡+1 + 1)
(𝜙Γ𝑡+1 + 𝜓)(𝜋𝑡+1 + 2)
 
𝑒𝑡+1 = 0 
 
4.4. Static analysis 
Before studying the dynamic implications of the model is useful having an insight of the 
reaction of individual’s choices with respect to variations of the mortality, human capital, 
and rate of prevalence levels. 
 
4.4.1. Adult mortality variation 
An individual with a longer life expectancy will have both a lower level of consumption 
and a smaller number of children, however he will invest more in the education of each 
child. In fact he will substitute consumption and quantity of children with investment in 
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education (quality) of children since the expected value of the utility flow coming from 
such investment increase. 
𝜕𝑐𝑡
𝜕𝜋𝑡
= −
ℎ𝑡 + 𝜃
(2 + 𝜋𝑡)2
< 0 
𝜕𝑛𝑡
𝜕𝜋𝑡
=
−Γ𝑡
[Γ𝑡(𝜙 − 𝑥) + 𝜓](𝜋𝑡 + 2)2
< 0 
𝜕e𝑡
𝜕𝜋𝑡
=
(𝜙 − 𝑥)Γ𝑡 + 𝜓
Γ𝑡
> 0 
See that in case the constraint is binding for e𝑡 the individual reacts to an increase in adult 
survival probability by increasing his number of children. However when the solution for 
the level of investment in education ceases to be constrained we fall again in the previous 
case. 
𝜕𝑛𝑡
𝜕𝜋𝑡
=
Γ𝑡
[Γ𝑡(𝜙 − 𝑥) + 𝜓](𝜋𝑡 + 2)2
> 0 
 
4.4.2. Human capital variation 
An individual with a higher endowment of human capital generally has a higher level of 
consumption and a smaller number of children, but invest more in their education. 
Moreover he has a lower probability to die before old age. 
𝜕𝜋𝑡
𝜕ℎ𝑡
= (1 − 𝑖𝑡) [
𝑏(𝑡) − 𝑎
(1 + ℎ𝑡)2
] > 0 
𝜕𝑐𝑡
𝜕ℎ𝑡
=
1
(2 + 𝜋𝑡)2
{2 + 𝜋𝑡 − (ℎ𝑡 + 𝜃)(1 − 𝑖𝑡) [
𝑏(𝑡) − 𝑎
(1 + ℎ𝑡)2
]} 
The previous expression is surely positive for levels of human capital high enough. But 
even for low levels of ℎ𝑡 (very near to 0) the derivative is still positive if 𝜃 is low enough. 
Since we said that 𝜃 captures “natural endowment” in a rural economy we could think it 
is just sufficient to assure the level of consumption of subsistence. Normalizing the latter 
to 1 we get 𝜃 = 2 (see before) but you can see 2 is small enough to grant the derivative 
is unambiguously positive. We adopt this setting for the rest of the work. Anyway even 
if 𝜃 were not small enough and the derivative would have taken negative sign for low 
levels of human capital, this would not have affected the results of our work and would 
have meant simply that the agent were substituting both consumption and quantity of 
children with quality of children. 
𝜕𝑛𝑡
𝜕ℎ𝑡
=
𝜕𝑛𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕ℎ𝑡
< 0 
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𝜕e𝑡
𝜕ℎ𝑡
=
𝜕𝑒𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕ℎ𝑡
> 0 
As before we can distinguish the case in which the constraint is binding for e𝑡. The 
individual reacts to an increase in human capital by increasing his number of children. 
𝜕𝑛𝑡
𝜕ℎ𝑡
=
𝜕𝑛𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕ℎ𝑡
> 0 
 
4.4.3. Child mortality variation 
A positive variation in child survival probability generates an increase in the number of 
surviving children and a decrease in the investment in education for each child. 
𝜕𝑛𝑡
𝜕Γ𝑡
=
𝜓
[Γ𝑡(𝜙 − 𝑥) + 𝜓]2(𝜋𝑡 + 2)
> 0 
𝜕e𝑡
𝜕Γ𝑡
=
−𝜓𝜋𝑡
Γ𝑡
2 < 0 
The response of the individual does not qualitatively change in case the constraint is 
binding for e𝑡. 
𝜕𝑛𝑡
𝜕Γ𝑡
=
𝜓(𝜋𝑡 + 1)
[Γ𝑡(𝜙 − 𝑥) + 𝜓]2(𝜋𝑡 + 2)
> 0 
The interpretation of such consequence is not so simple. Anyway the derivative of 𝑛𝑡 with 
respect to Γ𝑡 is always smaller than 1, therefore an increase in child survival probability 
causes the total number of born children to decrease even if the number of surviving ones 
increases.  
 
4.4.4. Rate of prevalence variation 
Now it is important seeing how the individual’s choices are affected by changes in the 
rate of prevalence of the disease. As intermediate step we need to know that an increase 
in the rate of prevalence of the disease affects negatively adult and child survival 
probability, but it is not able to affect the level of human capital in the same period. 
𝜕𝜋𝑡
𝜕𝑖𝑡
= − [
𝑎 + 𝑏(𝑡)ℎ𝑡
1 + ℎ𝑡
] < 0 
𝜕Γ𝑡
𝜕𝑖𝑡
= −δΓ < 0 
𝜕h𝑡
𝜕𝑖𝑡
= 0 
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Next it is possible to prove that the derivative of 𝑛𝑡 with respect to 𝑖𝑡 is generally negative 
under mild further assumptions. Hence an increase in 𝑖𝑡 leads the agent to have a larger 
number of children. As regards the investment in education of each child, using the result 
obtained for 𝑛𝑡, we are able to determine the sign of the effect and it is negative: the level 
of investment in education unambiguously decreases when the level of prevalence of the 
disease increases. The effect on consumption is also positive in fact we observe a 
substitution effect: the individual reduce investments in per child education (quality of 
children) and substitutes it with consumption and quantity of children. 
𝜕𝑐𝑡
𝜕𝑖𝑡
=
𝜕𝑐𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕𝑖𝑡
= (−
ℎ𝑡 + 𝜃
(2 + 𝜋𝑡)2
)
𝜕𝜋𝑡
𝜕𝑖𝑡
> 0 
𝜕𝑛𝑡
𝜕𝑖𝑡
=
𝜕𝑛𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕𝑖𝑡
+
𝜕𝑛𝑡
𝜕Γ𝑡
𝜕Γ𝑡
𝜕𝑖𝑡
=
= [
−Γ𝑡
[Γ𝑡(𝜙 − 𝑥) + 𝜓](𝜋𝑡 + 2)2
] (−𝜋𝑡)
+
𝜓
[Γ𝑡(𝜙 − 𝑥) + 𝜓]2(𝜋𝑡 + 2)
(−δΓ) =
= [
1
[Γ𝑡(𝜙 − 𝑥) + 𝜓]2(𝜋𝑡 + 2)2
] {[Γ𝑡(𝜙 − 𝑥) + 𝜓]Γ𝑡𝜋𝑡 − δΓ𝜓(𝜋𝑡 + 2)} 
Remembering Γ𝑡(𝜙 − 𝑥) + 𝜓 > 0 we can reinforce a bit the condition and saying  
[Γ𝑡(𝜙 − 𝑥) + 𝜓]𝜋𝑡 − δΓ𝜓(𝜋𝑡 + 2) > 0  
this cannot hold for very high level of prevalence since in this case the second term would 
dominate the expression, which would be negative. However when the level of prevalence 
is very high it is likely that 𝑒𝑡 is a corner solution with value 0 hence the derivative of n 
would be  
𝜕𝑛𝑡
𝜕𝑖𝑡
=
𝜕𝑛𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕𝑖𝑡
+
𝜕𝑛𝑡
𝜕Γ𝑡
𝜕Γ𝑡
𝜕𝑖𝑡
=
= [
Γ𝑡
[Γ𝑡(𝜙 − 𝑥) + 𝜓](𝜋𝑡 + 2)2
] (−𝜋𝑡)
+
𝜓
[Γ𝑡(𝜙 − 𝑥) + 𝜓]2(𝜋𝑡 + 2)
(−δΓ) < 0 
Which is unambiguously negative. 
In order to study the sign of the variation of 𝑒𝑡 in response to a change in 𝑖𝑡 we can use 
the following definition of 𝑒𝑡: 
𝑒𝑡 =
𝜋𝑡
(𝜋𝑡 + 2)𝑛𝑡
− 𝑥 
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𝜕𝑒𝑡
𝜕𝑖𝑡
=
𝜕𝑒𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕𝑖𝑡
+
𝜕𝑒𝑡
𝜕n𝑡
𝜕n𝑡
𝜕𝑖𝑡
< 0 
In fact it is the sum of two negative numbers. 
Please note there is only a special case in which the sign of this derivative would be 
undetermined and it is in correspondence of very high levels of prevalence if 
𝜕𝑛𝑡
𝜕𝑖𝑡
 changes 
sign before 𝑒𝑡 has become a corner solution. In that case it is useful studying the derivative 
of 𝑒𝑡 with respect to 𝑖𝑡 and we find that 
𝜕𝑒𝑡
𝜕𝑖𝑡
=
𝜕𝑒𝑡
𝜕𝜋𝑡
𝜕𝜋𝑡
𝜕𝑖𝑡
+
𝜕𝑒𝑡
𝜕Γ𝑡
𝜕Γ𝑡
𝜕𝑖𝑡
=
(𝜙 − 𝑥)Γ𝑡 + 𝜓
Γ𝑡
(−𝜋𝑡) +
−𝜓𝜋𝑡
Γ𝑡
2
(−δΓ) =
=
𝜋𝑡
Γ𝑡
2
{−Γ𝑡[(𝜙 − 𝑥)Γ𝑡 + 𝜓] + δΓ𝜓} =
= −𝜋𝑡(𝜙 − 𝑥)Γ𝑡 −
𝜋𝑡
Γ𝑡
2𝜓Γ(1 − δ − δ𝑖𝑡) 
We could remember 𝜓 should be small since it is the time cost to give the birth to a child 
and hence the first term would determine the sign of the effect. Anyway under the further 
mild assumption δ <
1
2
  we can state 1 − δ − δ𝑖𝑡 > 0  and get also in this special case 
unambiguously 
𝜕𝑒𝑡
𝜕𝑖𝑡
< 0. 
This assumption is tremendously realistic since most part of the literature and the studies 
on HIV vertical transmission report that in absence of medical aid a child born from a 
HIV positive mother has around one third of probability of contracting the infection.  
At last we can use the result to see that an increase in i𝑡 has a negative impact on the 
human capital of the following period through the channel of education. 
𝜕h𝑡+1
𝜕𝑖𝑡
=
𝜕h𝑡+1
𝜕𝑒𝑡
𝜕e𝑡
𝜕𝑖𝑡
=
𝜕e𝑡
𝜕𝑖𝑡
ℎ𝑡 < 0 
This is an important result because we have just found that an increase in the level of 
prevalence causes a response from individuals which could slow and maybe reverse the 
quantity-quality transition, which is the core engine of development during the process of 
demographic transition. In fact to have an insight of the dynamic it is sufficient observing 
that in following period we will generally have a lower human capital (surely lower with 
respect to the level we would have had without the epidemic shock). Therefore the 
consequences are a higher number of children, lower investment in their education and a 
lower level of consumption, which clearly reinforce the negative impact on the 
demographic transition and the economic development. This is the main issue we will 
examine in next section where we analyze the dynamic of the model. 
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4.5. Dynamic analysis and simulation 
In this section we use the model to simulate the evolution of the economy and deeply 
describe the impact of HIV epidemic shock on the demographic and economic variables 
and hence on economic growth. 
First of all substituting the individual’s choice of the level of investment in education of 
children we are able to get the difference equation governing the dynamic of human 
capital: 
ℎ𝑡+1 = {
𝑥ℎ𝑡                                                        𝑖𝑓𝑒𝑡 = 0
(
[(𝜙 − 𝑥)Γ𝑡+1 + 𝜓]𝜋𝑡+1
Γ𝑡+1
)ℎ𝑡         𝑖𝑓𝑒𝑡 > 0 
 
Now bearing in mind that this dynamic is influenced by the diffusion of the epidemics 
which we modeled as a difference equation in the level of prevalence of the disease, we 
may construct the system of difference equations governing the whole economic system: 
{
 
 
 
 
ℎ𝑡+1 = {
𝑥ℎ𝑡                                                       𝑖𝑓𝑒𝑡 = 0
(
[(𝜙 − 𝑥)Γ𝑡+1 +𝜓]𝜋𝑡+1
Γ𝑡+1
)ℎ𝑡          𝑖𝑓𝑒𝑡 > 0 
𝑖𝑡+1 = 1 − [1 − 𝑖𝑡𝜆]
𝜇                                                        
 
We see that there are two possible stable paths only: 
 a balanced growth path if the investment in education is sufficiently high: 
[(𝜙−𝑥)Γ𝑡+1+𝜓]𝜋𝑡+1
Γ𝑡+1
> 1 
 a poverty trap path converging to 0 if the investment in education in too low. 
At this point we have all the elements necessary to numerically implement and simulate 
the model. The only step which still misses is the setting of the parameters, which we 
choose in the following way: 
𝛽 = 1    𝑥 = 0,9 
𝑎 = 0,3  𝑏 = 0,4  which grant a sufficiently low life expectancy 
typical of pre-transition demographic regimes 
𝛿 = 1/3  (basing on what we said previously) 
𝜃 = 2   as we clarified before 
Γ = 0,8  quite low child survival probability typical of pre-transition demographic 
regimes 
𝜓 = 0,3  which corresponds about to 7 months of time expenditure per born child 
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𝜙 = 2,4 that means almost 5 years of time expenditure in rearing of each surviving 
child. 
 
4.5.1. Scenario without HIV 
We firstly illustrate the evolution of the economic system in absence of HIV using the 
previous set of parameters. The simulation is run assuming that the epidemic shock does 
not intervene and hence 
𝑖𝑡 = 0 ∀𝑡 
The initial condition is simply given by ℎ0 = 1  (other than 𝑖0 = 0) 
The results are summed up in the following outputs. 
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We start in a situation of economic backwardness which is also a poverty trap. In fact the 
economic system follows the poverty trap path converging to 0. You can see in the figures 
that in first period education is 0 and this implies a lower human capital (human capital 
growth rate is negative) and a higher fertility in next period. Clearly without any 
exogenous force the system is not able to activate a process of demographic transition 
and escape this depressive dynamic. 
However adult survival probability increase over time due to the positive exogenous 
trend. As we know from the static analysis, this induce an increase in education 
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investments (which ceases to be a constrained solution) and a reduction in consumption 
and quantity of children. Human capital growth rate rises in second period, but it is still 
negative since education investments are still very low. Only in the third period adult 
mortality decline permits the level of investments in education to rise above the critical 
value which discriminates between the two demo-economic regimes described at the 
beginning of the section. 
In fact such level of investments in education allows human capital to start increasing 
likewise consumption, while fertility decreases (we use the output of the model 𝑛𝑡 as 
proxy of the fertility in the same period). 
The process of demographic transition is activated, because higher human capital in next 
period means a higher wage and a further decrease of adult mortality. This enhances the 
substitution of quantity of children with consumption and quality of children because of 
the increased cost of children (due to the higher wage). Investments in education are 
additionally boosted promoting the quantity-quality transition and triggering the process 
of development of the economy. 
Hence during the process adult mortality is observed to decrease over time, followed by 
a decrease in the number of surviving children and an increase in consumption, human 
capital, education and per capita income. This leads the economy towards a balanced 
growth path with increasing human capital and per capita income, low level of fertility 
and mortality, exactly as expected in a process of demographic transition and economic 
development. 
The results obtained in our simple framework are comparable with the ones in Galor 
(2011) “Unified Growth Theory”. However we give a central role to adult mortality 
dynamic rather than to the technological progress getting similar outcomes independently 
of the latter variable. 
So our work extends this theory in predicting the activation of the demographic transition 
and the switch quantity-quality of children as a response to declining mortality. 
 
4.5.2. Scenarios with HIV 
In the previous sub-section we were able to reproduce the demographic transition and the 
switch from a poverty trap to a regime of balanced economic growth. 
Nevertheless our concerns are represented by a possible negative interplay between 
epidemic diffusion and both the fertility transition and the process of development, which 
could engender the eventual reversal of the two positive dynamics. Therefore we 
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investigate the demographic and economic effects of the escalation of the disease by 
introducing the presence of the epidemic in the initial phase of the transition similarly to 
what happened in Sub-Saharan Africa. 
We illustrate the evolution of the economic system in the case an epidemic shock 
intervenes at the third period when the quantity-quality transition is triggered. We will 
examine some scenarios with HIV considering different levels of prevalence of the 
disease: 
 Low rate of prevalence, around 4% 
 Medium rate of prevalence, around 10% 
 High rate of prevalence, around 30% and 40% 
Using the same set of parameters in order to get comparable outcomes, we run the 
simulation with the unique difference that we assume there will be an epidemic shock in 
the third period. Then the epidemics will spread according to the difference equation 
presented above. 
For each scenario we choose the parameters 𝜆 𝑎𝑛𝑑 𝜇 to get exactly a rate of prevalence 
around the desired level. 
Initial conditions are common to all the scenarios and consist in: 
ℎ0 = 1 
𝑖0 = 0 𝑎𝑛𝑑 𝑖3 = 0,01 
For all the periods different from 0 and 3 the rate of prevalence is determined by its 
difference equation. 
The results are summed up in the following outputs. We identified the different scenarios 
according to this key: 
Black line corresponds to no HIV 
Blue line corresponds to low rate of prevalence 
Red line corresponds to medium rate of prevalence 
Green line corresponds to high rate of prevalence (around 30%) 
Dark green line corresponds to high rate of prevalence (around 40%) 
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  Fig 14. Fertility with HIV. Below Fig 15. Education with HIV 
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  Fig 16. Human capital g. r. with HIV. Below Fig 17. Consumption g. r. with HIV 
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  Fig 18. Adult survival prob. with HIV. Below Fig 19. Child survival prob. with HIV 
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Up to the third period the whole dynamic is exactly the same of before and the fertility 
transition and the switch quantity-quality are activated. The epidemics appears in the third 
period and begins to diffuse according to the mechanism a là Chakraborty. Initially the 
rates of prevalence are extremely low and there is any reversal of the demographic 
transition. Anyway if you observe carefully the pictures you can see that the presence of 
the disease is just sufficient to slow the development process with respect to the scenario 
without HIV. 
As the infection further spreads, HIV/AIDS stops and reverses the trend in adult mortality 
even at low levels of prevalence. The higher mortality among young adults and the 
reduced life expectancy induce individuals to substitute quality with quantity of children: 
you can see the trends in fertility and in education are reversed. This is sufficient to stop 
the fertility transition and the process of development. 
The level of education is lower than the correspondent level in the scenario without HIV, 
this implies a negative effect on human capital accumulation, which is lowered, likewise 
the growth rate of consumption. Hence HIV/AIDS have a negative impact on the 
economy even at low rates of prevalence: it slows the economic growth, which is reduced 
with respect to the potential one in absence of the epidemics. 
The impact of the disease on economy in case of a medium level of prevalence is similar 
to the case of low prevalence. The unique differences are that the stop of the demographic 
transition occurs a bit earlier and the reduction in human capital and consumption’s 
growth rates is more relevant. This means a larger loss of potential development due to 
HIV/AIDS (around 20% but we should read the outcomes of this model only under a 
qualitatively point of view, since it is not suitable to do predictions as we will discuss 
later). 
The consequences for the economic system and the development in particular are 
dramatic if we consider the two high prevalence scenarios (30% and 40% level of 
prevalence). 
When the rate of prevalence rapidly increases above negligible values, even if it is still 
far from the values of 30% and 40%, the quantity-quality transition is soon interrupted 
and inverted by the reversal in the trends of adult mortality, fertility and education. The 
reached rates of growth of both human capital and consumption remain well below the 
correspondent levels in the other scenarios. 
As the infection further spreads and reach critic levels of prevalence (as in South Africa, 
Botswana, Malawi, Lesotho and Swaziland) fertility and the investments in education 
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move backwards and almost reach their pre-transition values. In this scenarios, which 
have been actual in the mentioned countries, the reversal of the quantity-quality transition 
is much more evident and has a terrible impact on the process of development. 
In fact all the stylized facts observed during the demographic transition are drastically 
upturned: 
 Adult mortality rises up to similar to pre-transition values, likewise fertility. 
 Education falls down near to null values and human capital accumulation is 
practically stopped because of such low levels of education. 
 Consumption likewise human capital is almost stagnant. 
Clearly the results are in contrast with the scenario “World of opportunity after the 
modern plague” suggested by Young. In fact this idea is based on the belief of a negative 
relation between HIV epidemics and fertility rates. However we used a wide accepted 
theoretical framework to show indeed that this relation is positive and contradict these 
findings. 
Following our results, the scenario “reversal of the demographic transition” proposed by 
Kalemli-Ozcan is much more realistic. Not only the outcomes of the analysis confirm the 
positive impact of HIV on fertility, but we find indeed that the epidemics interacts 
negatively with the demographic transition stopping and in most cases even reversing it. 
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5. Concluding remarks and discussion 
5.1 Results 
In this work we developed an OLG model for the dynamic interplay between the 
transmission dynamics of HIV/AIDS, child and adult mortality, fertility decisions, and 
their ultimate feedbacks on economic development in Sub-Saharan Africa. 
The basic framework combines both an explicit representation of the mechanism of HIV 
transmission and disease (as done e.g. in Chakraborty 2010, 2014) and a representation 
of the stages of economic development as summarized in the Unified Growth Theory 
(Galor 2011). 
Compared to the basic Galor’s framework, we consider endogenous adult mortality as the 
main cause of the demographic transition. We got a first result even in absence of explicit 
HIV modeling. In fact the simulation shows that adult mortality decreases over time, 
followed by a drop in the number of surviving children and a rise in consumption, human 
capital, education and per capita income. This leads the economy towards a balanced 
growth path with increasing human capital and per capita income, low level of fertility 
and mortality, exactly as expected in a process of demographic transition and economic 
development. 
Hence our basic model extends Galor’s unified theory in predicting the onset of the switch 
quantity-quality of children as a response to declining mortality. 
When we explicitly consider the epidemics we have the final structure of the model, 
which describes the joint evolution of human capital through education and of HIV 
infection, which in turn affect child and adult mortality and fertility decisions. 
The results of the analysis show a positive influence of HIV epidemics on fertility and a 
negative interplay between the disease and the fertility transition. The impact on the 
processes of demographic transition and economic development is found to be negative 
even in case of low or medium rates of prevalence of the infection. However in presence 
of high rates of prevalence of the disease the negative impact causes a decisive reversal 
of the demographic transition and the quantity-quality switch in particular, since both 
fertility and investments in education reach again levels similar to pre-transition values. 
This means a huge loss in term of potential economic growth and development. 
Our findings allow to handle the dispute which we examined in the chapter devoted to 
the literary review and inspired the whole work. In fact Young’s conclusions and the 
possibility of the “World of opportunity after the modern plague” seem to be confuted at 
the base, whereas the empirical results in Kalemli-Ozcan (2012) AIDS, “reversal” of the 
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demographic transition and economic development: evidence from Africa could find their 
theoretical foundation in this thesis. 
 
5.2 Limits and possible extensions of the model 
Our model still represents a basic structure and need to be extended in order to gradually 
achieve a more reliable representation of the demo-socio-economic context of HIV in Sub 
Saharan Africa. 
The richer framework should consider a range of further factors such as: 
 physical capital accumulation and the effects which the epidemics causes 
affecting the dynamic of this variable. This may be simply included allowing 
individuals to consume also in their last period of life in order to introduce the 
necessity of saving and changing the technology adequately. 
 an explicit mechanism to allow for reduction in productivity. This could be fixed 
by letting the level of prevalence of the infection reduce individual’s labour 
supply. But a better way to model the reduction in productivity of infected workers 
is by introducing heterogeneity in the health status of agents. An HIV positive 
worker would be less productive. 
 heterogeneity, in fact the possibility to distinguish between infected and non-
infected individuals is not the unique aspect, which we could be interested in. 
Actually the model could be expanded to take into account behavioral 
heterogeneities in both the production side, the consumer’s side (such as e.g. the 
presence of both skilled and unskilled workers, the agricultural sector and its 
implications for the technology of raising children, for example to take into 
account the presence of orphanhood due to HIV, etc), and the demographic side. 
 The role of public authority. An analysis of the possible effects on the economy 
of the intervention of the public sector by means of different policies in the domain 
of health, education and information could be very revealing for the design of 
government policies. Though this would not change our results at all and 
represents the successive step of the study. 
The expanded models will allow to gradually understand how those factors that are 
specific of the socio-demo-economic context of HIV in SSA are of importance in 
affecting the main outcomes described above. But even in this case the relatively simple 
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framework provided by OLG models could represent a limit for the analysis of the 
problem. 
 
5.3 Can simple OLG models capture the complexity of HIV and fertility? 
We consider this – as it is by the way the case also of other efforts, as e.g. Chakraborti 
(2010) - a very preliminary effort to attack a hard question. The diagram of Fig. 2. has 
reported an attempt to summarize the endless list of the main causation channels and 
feedbacks between AIDS and macroeconomic dynamics.  
Second we are aware of the fact that the Chackraborti strategy is a clever trick for 
modeling infection within a simple framework, but it probably obscures many of the 
fundamental features of HIV/AIDS transmission and disease. 
The intrinsic complexity of these phenomena represents a challenge for macroeconomic 
dynamic theory, which is used to consider “simple”, i.e. analytically manageable 
mathematical frameworks, whose purpose is purely to put in evidence the importance of 
a (very) limited number of selected factors, and their dynamic interplay. You can 
obviously question whether an approach like this is adequate at all for complex 
phenomena, i.e. when you would like to go behind a modeling exercise and instead enable 
simple modeling to go at the heart of questions. This opens a range of important avenues. 
The principal one is obviously model calibration. This in turn calls for the type of data 
that are necessary for validating models like this.  
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